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INTRODUCTION 


.  .  .  from  the  State  Geologist 

Under  the  umbrella  of  the  Department  of  Conservation's  goal  to  develop  and  protect 
California's  diverse  resources,  the  Division  of  Mines  and  Geology  (DMG)  assumes  the  role  of  both 
scientist  and  technical  advisor.  Since  1880,  DMG  (formerly  the  State  Bureau  of  Mines)  has  provided 
information  on  geology  and  mineral  resources  to  public  and  private  sector  land  use  decision-makers. 

In  ongoing  programs,  DMG  geologists,  geophysicists,  seismologists,  and  support  staff  conduct 
long-range  studies  of  geologic  hazards  and  areas  of  potential  risk  and  map  the  State's  mineral 
resources,  fault  zones  and  regional  geology  including  the  areas  offshore.  They  also  conduct  special 
investigations  of  dynamic  geologic  events  and  conditions,  such  as  tsunamis  (seismic  sea  waves)  and 
landslides  that  may  have  an  immediate  effect  on  man.  As  part  of  the  Surface  Mining  and 
Reclamation  Act  of  1975,  reclamation  personnel  advise  mine  operators  and  local  agencies  on 
reclamation  practices  to  assure  that  mined  land  is  not  removed  from  future  uses. 

The  results  of  these  many  projects  are  published  in  bulletins,  special  reports,  maps,  and  open 
file  documents  made  available  to  the  public  and  to  the  agencies  and  boards  responsible  for  land 
use  decisions. 

In  past  years,  the  Annual  Report  of  the  State  Geologist  has  documented  the  changes  in  all  of 
the  DMG  programs  and  individual  projects.  For  this  year's  report,  we  have  chosen  to  summarize  the 
full  complement  of  DMG  programs  in  the  Overview  and  to  highlight  selected  programs  in  the 
remaining  chapters.  DMG  activities  selected  for  highlight  are  earthquake  prediction,  offshore 
mapping,  fault  scenario  preparation,  mineral  land  classification,  mined  land  reclamation,  and 
information. 


BRIAN  E.  TUCKER,  ACTING  STATE  GEOLOGIST 


Folded  beds  between  strands  of  the  San  Andreas  Fault,  exposed  in 
road  cut  on  Antelope  Valley  Freeway  near  Palmdale,  CA.  PHOTO 
BY  D.  P.  SMITH,  FORMER  DMG  STAFF. 


Overview  of  DMG  Programs 


In  today's  complex  world,  an  accurate  understanding  of  the 
geological  character  of  the  State  is  essential  to  sound  decision 
making  and  policy  development  in  both  the  public  and  private 
sectors.  DMG's  investigations  provide  insights  into  the  effects 
of  geological  hazards  so  that  building  design  requirements, 
land-use  decisions  and  emergency  response  planning  can  help 
minimize  the  loss  of  property  and  life.  During  1986-87  fiscal 
year,  seismologists  in  DMG's  Strong  Motion  Instrumentation 
Program  monitored  the  shaking  effects  of  temblors  on  the 
earth's  surface  and  within  man-made  structures  such  as 
buildings,  bridges  and  dams.  Information  from  these 
instruments,  placed  in  over  400  sites  across  the  State,  assist 
engineers,  architects  and  planners  in  improving  earthquake 
resistant  designs. 

In  other  seismic  investigations,  DMG's  collaboration  with 
the  U.S.  Geological  Survey  (USGS)  is  helping  expand  the 
instrumentation  network  that  records  earthquakes  and  measures 
strain  changes  in  the  earth's  crust  along  a  portion  of  the  San 
Andreas  fault  near  Parkfield.  Scientists  participating  in  the 
Parkfield  Earthquake  Prediction  Experiment  project  are 
attempting  to  predict,  within  minutes  to  days,  the  occurrence  of 
a  medium  size  earthquake,  magnitude  (M)6,  which  is  expected 
to  take  place  along  this  segment  of  the  fault  in  the  near  future. 
A  discussion  of  the  Parkfield  Earthquake  Prediction 
Experiment  is  featured  in  this  annual  report. 

The  expectation  of  an  M6  event  near  Parkfield  enables 
investigators  to  improve  methods  of  forecasting  strong 
ground  motion  by  experimenting  with  forecasting  techniques, 
observing  the  strong  ground  motion  close  to  its  source  on  the 
fault  once  the  earthquake  occurs,  and  comparing  the  actual 
strong  motion  records  with  the  projections. 

The  help  mitigate  the  life-threatening  effects  of  major 
earthquakes  in  the  state,  DMG's  fault  scenario  program  released 
the  results  of  investigations  into  the  possible  effects  of  a  M7.5 
earthquake  on  the  Hayward  fault  in  the  San  Francisco  Bay  area. 
Special  Publication  78,    the  Hayward  fault  earthquake 
damage  scenario,  is  one  in  a  series  of  reports  which  project 
the  effects  of  a  major  earthquake  on  lifelines  and  critical 
facilities  in  a  special  fault  zone.  Previously  published  scenarios 
include  the  northern  San  Andreas  fault  near  San  Francisco  and 
the  southern  San  Andreas  fault  near  Los  Angeles.  DMG 
seismologists,  geologists  and  structural  engineers  are  developing 
similar  reports  for  medium-sized  events  in  San  Diego  and  south 
central  Los  Angeles.  The  Hayward  scenario  is  described  in 
detail  in  this  annual  report. 

In  other  gcoha/ard  mitigation  efforts,  DMG  scientists  are 
monitoring  the  earthquake  instrument  network  placed  near 
Mammoth  Lakes.  During  the  recent  past,  a  lew  volcanic 
eruptions  elsewhere  in  the  world  have  been  predicted  using 


changes  in  character  of  wave  spectra  and  patterns  in  time  and 
space  of  nearby  earthquakes.  Early  warning  information 
about  volcanic  hazards  provided  by  these  instruments  will  be 
transmitted  to  the  State  Office  of  Emergency  Services  (OES). 

Under  the  Alquist-Priolo  Special  Studies  Zone  Act,  DMG 

administers  a  statewide  program  to  provide  maps  of  active  faults 
to  assist  local  governments  in  making  land-use  decisions  that 
avoid  construction  on  hazardous  fault  traces.  Alquist-Priolo 
maps  covering  the  Central  Coastal  areas  were  released  in  1986- 
87,  and  mapping  is  in  progress  in  selected  portions  of  the  desert 
region.  In  a  related  fault  mapping  program,  segments  of  the 
Hayward  fault  in  Northern  California  and  the  San  Gabriel  fault 
in  Southern  California  were  also  investigated  to  detect  the  recent 
history  of  movements  on  these  faults  and  to  evaluate  their  hazard 
potential. 

In  special  investigations,  DMG  seismologists  observed  the 
ground  rupture  and  ground  motion  associated  with  the  North 
Palm  Springs  (M6.0)  and  the  Chalfant  Valley  (M6.2)  events 
which  occurred  in  July  1986.  Under  the  auspices  of  the 
California  Earthquake  Prediction  Evaluation  Council  (CEPEC), 
DMG  assessed  the  potential  for  larger  events  following  each 
of  these  earthquakes  and  provided  this  information  to  the 
California  Office  of  Emergency  Services. 

The  Division  also  identified  and  mapped  landslides  and 

landslide-prone  areas  in  five  localities  during  1986-87.  The 
maps  for  Rancho  Santa  Fe,  San  Diego  County,  East  Half  of 
Newhall,  Los  Angeles  County,  Venita/Vallejo,  Solano  County 
and  southeast  Whittier  Peak,  Los  Angeles  County  were  released 
by  the  State  Mining  and  Geology  Board  to  local  governments 
to  assist  in  their  land-use  planning.  Landslide  investigations 
continued  in  Los  Angeles,  Napa,  Orange,  San  Bernardino,  and 
Solano  counties. 

To  help  the  State  Department  of  Forestry  and  the  logging 
industry  mitigate  losses  from  landslide  and  erosion,  scientists  in 
DMG's  Timber  Harvest  Review  Program  investigated  the 
potential  for  these  hazards  associated  with  timber  harvest  plans 
for  the  North  Coast  area.  Timber  harvest  plans  must  be 
approved  prior  to  logging  operations. 

DMG's  regional  geologic  mapping  program  is  an  innovative 
project  providing  state-of-the-art  geologic  information  and 
interpretations  for  selected  areas.  Regional  geologic  maps  are 
published  at  two  scales  —  one  inch  equals  approximately  four 
miles  and  one  inch  equals  about  one-and-one-half  miles. 
Geophysical  maps  are  also  published  for  the  same  areas  to  show 
the  local  variations  in  the  earth's  gravity  and  magnetic  fields. 
The  geophysical  and  geologic  information  can  be  correlated  to 
interpret  subsurface  conditions. 

The  offshore  geology  maps  of  the  State  are  nearing 
completion.  The  first  map  in  this  series  displaying  the  geology 
offshore  of  Los  Angeles  was  published  in  1987  at  a  scale  of  one 
inch  equals  approximately  four  miles.  The  Offshore  Mapping 
Program  is  featured  in  this  annual  report. 


Under  the  provisions  of  the  Surface  Mining  and  Reclamation 
Act  (SMARA)  and  the  policy  guidance  of  the  State  Mining  and 
Geology  Board,  DMG  classifies  mineral  resources  in  urban 
and  non-urban  areas.  Deposits  which  are  shown  by 
classification  to  have  useable  mineral  resources  and  to  meet  the 
thresholds  of  value  and  size  established  by  the  Board  may  be 
designated  by  the  Board  to  be  "regionally  significant."  The 
State  Board  releases  the  classification  maps  and  designation 
reports  to  appropriate  local  governments  and  Federal  agencies  to 
minimize  local  land-use  decisions  that  are  incompatible  with 
future  mineral  resource  availability. 

During  1986-87,  DMG  geologists  in  the  Urban  SMARA 
Program  classified  the  Yuba  City/Marysville,  Stockton/Lodi, 
San  Luis  Obispo/Santa  Barbara,  Bakersfield,  and  Palm  Springs 
areas.  The  classification  report  for  the  Fresno  region  was 
released.  The  commodities  classified  in  these  urbanized  areas 
are  sand  and  gravel,  particularly  of  the  quality  suitable  for 
Portland  cement  concrete  aggregate  —  a  necessity  for 
construction  in  urbanizing  areas.  During  the  year,  DMG  also 
provided  staff  assistance  to  the  Board  in  its  designation  decisions 
in  Northern  California. 

In  the  Non-Urban  SMARA  Program,  DMG  classified 
mineral  commodities  in  developing  areas  of  the  Sierra  Nevada 
foothills  and  the  California  Desert  Conservation  Area.  The 
mineral  commodities  which  are  classified  in  non-urban  regions 
typically  include  industrial  minerals  and  metallic  ore  deposits. 
Economically  important  materials  such  as  limestone  for  cement 
and  chemical  grade  silica  are  examples  of  industrial  minerals. 
Classification  information  on  these  products  is  also  provided  to 
local  governments  by  the  Mining  and  Geology  Board.  The  Non- 
Urban  SMARA  Program  is  featured  in  this  annual  report. 

Under  SMARA  guidelines,  DMG  is  also  responsible  for 
providing  technical  assistance  to  local  governments  requiring 
approved  mined  land  reclamation  plans  prior  to  developing 
surface  mines.  The  Division  provides  information  on  hydrology, 
revegetation  and  maintenance  of  slope  stability  and  other  topics 
in  order  to  assure  a  viable  secondary  use  of  mined  land.  The 
Mined  Land  Reclamation  Program  activities  during  1986-87 
are  detailed  in  this  annual  report. 

Under  the  Mineral  Resource  Assessment  Program 

(MRAP),  DMG  scientists  evaluate  the  applicability  of  satellite 
remote  sensing  techniques  in  analyzing  mineral  resources  and 
investigate  mineral  resources  associated  with  ancient  volcanic 
activity  in  Northern  California.  Under  this  program,  DMG 
maintains  a  list  of  active  mines  and  mineral  producers  and,  in 
conjunction  with  the  U.S.  Bureau  of  Mines,  publishes  an  annual 
report  on  mineral  production. 

As  part  of  its  advisory  service  to  local  government  and  to 
other  State  agencies,  DMG  specialists  critique  documents 
required  for  decisions  which  impact  the  environment  and/or 
public  safety  such  as  earthquake  design  requirements  for 
structures  like  dams,  nuclear  power  plants,  new  hospitals,  and 
hospital  additions. 


The  Publications  and  Information  section  of  DMG  prepares 
maps,  reports  and  a  periodical  for  publication  and  answers 
hundreds  of  inquiries  from  government,  universities,  industry, 
and  the  general  public  regarding  all  aspects  of  California's 
geology,  geologic  hazards  and  mineral  resources.  DMG's 
monthly  magazine,  CALIFORNIA  GEOLOGY,  goes  out  to 
nearly  25,000  subscribers  world-wide.  DMG  also  maintains 
library  facilities  which  are  open  to  the  public  in  both  the  San 
Francisco  Bay  Area  (Pleasant  Hill)  and  in  Sacramento.  The 
Publications  and  Information  activities  of  DMG  are 
featured  in  this  annual  report. 
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LAND  USE  AND  SEISMOLOGY 


California's  constantly  changing  landscape  can  be  perilous.  Earthquakes,  landslides,  volcanic 
activity,  and  fragile  soils  are  but  some  of  the  geohazards  responsible  for  injuries,  loss  of  lives,  and 
millions  of  dollars  of  property  damage  each  year. 

The  Department  of  Conservation,  Division  of  Mines  and  Geology  investigates  the  earth 
processes  behind  the  many  geohazards  in  the  State  such  as  earthquake  faults,  volcanic  and  seismic 
tremors,  tsunamis  (seismic  sea  waves),  slope  failures,  and  erodible  and  expansible  soils.  These 
investigations  are  funded  in  part  by  the  state  and  in  part  by  cooperative  agreements  with  federal 
agencies. 

The  results  of  these  studies  are  published  in  special  reports  and  maps  made  available  to  public 
officials  so  that  they  might  make  better  decisions  on  land  uses.  These  publications  are  also  available 
to  the  public  in  an  effort  to  alert  landowners  and  developers  of  potential  geohazards  that  would 
necessitate  structural  or  landscaping  improvements  to  protect  their  investments. 

In  this  year's  report  we  will  look  at  three  projects  in  the  Land  Use  and  Seismology  Program. 
Two  are  research  projects:  The  Parkfield  earthquake  experiment  and  the  offshore  geologic 
mapping  operation.  The  third  project  is  the  Hayward  fault  scenario,  part  of  the  Division's  response 
to  the  Governor's  request  for  geohazard  mitigation. 


Trace  of  the  San  Andreas  fault  in  central  California.  View  is  north; 
Elkhorn  scarp  is  in  the  center  of  the  photo.  The  Carrizo  Plain  is  on 
the  left  and  the  Elkhorn  Plain  is  seen  in  the  upper  right-hand 
corner  of  the  photo.  DMG  PHOTO  FILE. 


PARKFIELD  EARTHQUAKE. 

~f  PREDICTION  EXPERIMENT 


The  San  Andreas  Fault  near  Parkfield  can  be  traced  along  the  right  side  of  the  hill  in  the  background.      PHOTO  BY  M.  REICHLE,  DMG  STAFF. 


Throughout  history,  earthquakes  have  claimed  lives  and 
destroyed  property  with  an  alarming  and  uncontrollable  force. 
Many  countries  have  been  affected  by  earthquakes  of  great 
magnitude.  Along  certain  fault  zones,  such  as  the  San  Andreas 
in  California  and  similar  sections  of  the  circum-Pacific 
earthquake  belt,  earthquakes  are  a  regular  and  sometimes 
devastating  occurrence.  As  a  result,  scientists  and  leaders  in 
every  age  have  been  intrigued  with  the  idea  that  earthquakes 
could  be  predicted  with  the  hope  that  lives  could  be  saved. 

As  early  as  1909,  geologists  and  geographers  wondered 
whether  the  moon's  gravitational  pull,  heavy  winter  snows  and 
barometric  pressure  changes  might  trigger  earthquakes.  Others 
looked  at  the  seepage  of  natural  gases,  changes  in  well  water 
levels  or  the  odd  behavior  of  certain  animals,  phenomena  that 
seemed  to  precede  certain  earthquakes.  As  more  sophisticated 
instruments  were  designed,  including  seismographs  and 
strainmeteis.  seismologists  and  geologists  looked  more  closely 
at  the  relationship  between  seismicity  and  deformation  of  the 
earth's  crust,  changes  in  elevation,  slow  creep  along  faults 
without  accompanying  earthquakes,  and  subsequent  large 
earthquakes 


By  the  early  1950s,  remote  sensing  technology  had  advanced 
to  the  point  where  seismologists  could  collect  data  from  radio 
connected  seismographs  placed  around  the  world.  Information 
from  this  World  Wide  Standardized  Seismograph  Network,  and 
seismological  instruments  placed  in  other  locations,  allowed 
seismologists  to  pinpoint  earthquake  epicenters  (places  on  the 
earth's  surface  above  earthquake  sources)  in  even  remote 
locations.  As  data  accumulated,  scientists  were  able  to 
determine  the  time,  location  and  size  of  earthquakes,  and  the 
size  of  a  particular  event  in  relation  to  events  that  preceded  or 
followed.  If  a  large  earthquake  was  preceded  by  smaller  events, 
these  initial  events  could  be  considered  precursors,  or 
foreshocks,  to  the  major  earthquake,  especially  if  these  smaller 
shocks  were  close  in  time  and  location.  Analysis  of  events 
worldwide  over  a  period  of  years  enabled  scientists  to  see 
earthquake  patterns  and  characteristics,  which  was  the  first  step 
towards  more  scientifically  based  earthquake  prediction. 

By  the  early  197()'s.  some  seismologists  were  tentatively 
claiming  success  in  earthquake  prediction  in  several  locations. 
In  1975,  scientists  studying  an  array  of  precursor  data,  including 
erratic  animal  behavior  in  China's  Liaoning  Province 


"If  the  strain  accumulation  rate  along  the  locked  portion 
of  the  fault  is  relatively  constant  (and  it  appears  to  be  at 
Parkfield)  and  if  the  earthquakes  relieving  that  strain  are 
similar  in  "size"  (magnitude,  seismic  moment,  strain  drop  or 
whatever  measurement  of  size  one  wishes  to  use),  then  those 
earthquakes  would  logically  occur  at  relatively  regular 
intervals."  (Parkfield  Annual  Report,  1986) 


apparently  predicted  a  severe  earthquake  within  hours  of  its 
occurrence.  This  prediction  saved  thousands  of  lives.  A  similar- 
sized  earthquake  in  China  one  year  later,  however,  was  not 
predicted  and  several  hundred  thousand  people  were  killed. 
Given  the  success/failure  ratio,  seismologists  still  consider 
earthquake  prediction  to  be  an  evolving  scientific  discipline 
within  which  various  models  are  being  examined.  Continued 
observation  and  experimentation  are  the  only  ways  to  sort  out 
and  understand  the  information. 

A  model  surfaced  in  the  mid-1960's  known  as  the  seismic  gap 
theory,  with  a  possible  explanation  as  to  why  earthquakes  would 
occur  along  certain  sections  of  faults.  Seismic  gap  is  a  term  used 
to  describe  a  portion  of  a  fault  zone  where  earthquakes  have  not 
occurred  as  recently  as  elsewhere  along  the  same  fault  zone. 
Consequently,  this  area  is  suspected  to  be  locked  or  releasing 
little  of  the  strain  accumulation  from  tectonic  plate  movement. 
The  seismic  gap  model  infers  that  the  length  of  the  gap  may  be 
related  to  the  probable  size  of  an  eventual  earthquake.  Here 
again,  the  goal  of  this  theory  is  to  predict  where,  and  with  less 
certainty  when,  the  next  earthquake  would  occur  along  a  given 
fault.  Long  term  earthquake  predictions  (years  to  decades)  seem 
to  be  appropriate  for  certain  well  documented  seismic  gaps. 

While  some  case  histories  appear  encouraging,  no  successful 
technique  for  short-term  (minutes  to  days)  earthquake  prediction 
has  yet  been  documented.  Since  the  1970's,  scientists  in 
California  have  been  monitoring  a  variety  of  geophysical 
parameters,  such  as  hydrogen  and  radon  gas  emission  in  soils, 
local  changes  in  earth  strain,  aseismic  (not  earthquake  caused) 
creep  along  faults,  and  the  rates  of  smaller  earthquake 
occurrence. 

Because  California  has  such  an  active  earthquake  history, 
universities  and  State  and  Federal  agencies  have  been 
monitoring  earthquakes  since  1887  when  the  University  of 
California  at  Berkeley  installed  its  first  seismograph.  Historical 
records  and  instrument  monitoring  reveal  that  there  have  been 
a  series  of  earthquakes  of  at  least  magnitude  (M)6  along  a  40 
kilometer  portion  of  the  San  Andreas  fault  about  every  22  years 
since  about  1857.  Investigation  of  this  pattern  led  seismologists 
W.  H.  Bakun  and  T.  V.  McEvilly  in  1984  to  venture  a 
prediction: 

"around  January,  1988  (plus  or  minus  5  years  and 
with  95  percent  confidence)  there  will  be  an 
earthquake  of  M5.6  along  the  Parkfield  segment 
of  the  San  Andreas  fault." 

Parkfield,  a  small  rural  community  located  on  a  portion  of  the 
San  Andreas  fault  near  Paso  Robles,  is  about  half-way  between 
San  Francisco  and  Los  Angeles.  Because  earthquakes  of  similar 
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magnitude  (M5.6)  have  occurred  at  relatively  constant  intervals, 
scientists  hypothesize  that  the  strength  of  this  locked  portion  of 
the  fault  is  relatively  constant,  resulting  in  the  earthquakes 
which  have  relieved  the  accumulated  strain  to  be  similar  in  size. 
The  next  earthquake  should  be  similar  in  nature  to  the  previous 
events  and  should  fall  within  a  predictable  time  frame. 

This  long  term  prediction  by  Bakun  and  McEvilly  was 
reviewed  by  both  the  National  Earthquake  Prediction  Evaluation 
Council  (NEPEC)  which  advises  the  Director  of  the  US 
Geological  Survey  (USGS).  and  the  California  Earthquake 
Prediction  Evaluation  Council  (CEPEC)  which  advises  the 
Governor's  Office  of  Emergency  Services  (OES).  Both  councils 
accepted  the  scientific  validity  of  the  prediction.  The  CEPEC 
recommended  that  the  USGS,  the  OES,  and  DMG  cooperate  in 
investigations  along  the  Parkfield  segment  of  the  San  Andreas 
fault.  It  seemed  clear  to  leaders  at  both  the  federal  and  slate 
level  that  a  prediction  experiment  at  Parkfield  provided  a  unique 
opportunity  to  enhance  earthquake  prediction  efforts  that  would 
reduce  the  prediction  time  to  within  minutes  or  hours  of  an 
event.  The  existing  monitoring  equipment  would  need  to  be 
enhanced  so  that  there  would  be  a  continual  analysis  of 
earthquake  signals  as  they  occurred. 

It  was  hoped  that  if  the  Parkfield  earthquake  prediction 
experiment  was  successful,  the  insights  could  possibly  be 
applied  to  other,  more  urbanized  areas  of  the  state  such  as  the 
Los  Angeles  and  San  Francisco  areas.  Both  of  these  major 
metropolitan  areas  and  many  other  highly  populated 
communities  are  located  near  active  faults  and  are  extremelj 
vulnerable  to  loss  of  life  and  property  should  a  major  earthquake 
occur. 

At  the  same  meeting  where  the  predictions  were  rev  iewed, 
both  NEPEC  and  CEPEC  were  advised  of  the  possibility  that 
the  next  M6  characteristic  Parkfield  earthquake  could  grow  into 
or  trigger  a  larger  event  with  magnitude  up  to  7.0.  Although  this 
projection  had  less  possibility  of  occurring  than  the  characteristic 
earthquake.  CEPEC  advised  OES  to  consider  the  possible 
effects  of  the  larger  event  in  the  emergency  response  plans 
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The  US  Geological  Survey's  central  Cal- 
ifornia seismic  network  (CALNET)  is  com- 
prised of  instruments  providing  accurate 
locations  of  events  as  small  as  MO. 8.  Possi- 
ble precursory  events  that  might  be  de- 
tected include  foreshocks,  a  decrease  or 
increase  in  the  small-earthquake  occur- 
rence rate,  a  change  in  the  number  of  small 
events  relative  to  the  number  of  larger  ones 
and  changes  in  the  frequency  content  of  the 
earthquake  recordings. 


Creepmeters  monitor  the  motion  across 
the  surface  of  the  fault.  Several  theories 
and  laboratory  experiments  predict  accel- 
erated creep  along  a  fault  before  a  large 
event.  There  is  indirect  evidence  that  this 
occurred  before  the  1966  mainshock.  One 
creepmeter  has  monitored  the  San  Andreas 
fault  near  Parkfield  since  1966;  8  others  have 
been  installed  between  1969  and  1979. 


Dilatometers,  extensometers  and 
water-well-level  monitors  all  measure 
increase  or  decrease  in  strain  in  the  earth 
near  the  individual  instruments.  As  in  the 
case  of  creep,  strain  accumulation  patterns 
may  change  before  moderate  to  large 
earthquakes. 


Two-color  laser  arrays  can  detect  strain 
changes  as  indicated  in  the  distance  be- 
tween various  points  over  a  broader  area 
than  creep  and  strain  instruments.  A  central 
instrument  measures  distances  between  the 
central  station  and  various  reflectors.  With 
this  array,  underground  earth  strain  can 
be  detected. 


Geochemical  precursors  have  been  re- 
ported before  a  number  of  earthquakes  in 
China,  Japan  and  California.  At  this  time, 
hydrogen  and  radon  concentrations  are 
being  measured  at  several  locations  near 
Parkfield. 


An  array  of  seven  magnetometers  moni- 
tor changes  in  the  earth's  magnetic  field, 
which  may  indicate  changes  in  earth  stress. 


In  1985,  the  California  Legislature  passed  Assembly  Bill  938 
(Alatorre)  which  funded  State  participation  in  an  earthquake 
prediction  experiment  at  Parkfield.  A  cost-sharing  agreement 
between  DMG  and  USGS  that  took  effect  in  fiscal  year  1986-87 
enables  seismologists  to  enhance  existing  earthquake  monitoring 
equipment  and  augment  the  remote  data  monitoring  and  analysis 
systems. 

The  purpose  of  the  experiment  is: 

•  to  test  the  predictive  ability  of  earthquake  monitoring 
strategies; 

•  to  provide  the  State  with  Parkfield  data  for  the  purpose 
of  prediction  evaluation  and  emergency  response; 

•  to  develop  emergency  preparedness  and  response  plans 
for  State  agencies  and  communities  that  could  be 
affected  by  the  next  Parkfield  earthquake;  and 

•  to  develop  a  general,  statewide  short-term  earthquake 
prediction  response  plan,  using  lessons  from  the 
Parkfield  experiment  as  applicable. 

During  fiscal  year  1986-87,  USGS  scientists  and  field 
personnel  began  installing  seismographic  and  radio  communication 
equipment.  The  DMG  and  USGS  are  enhancing  computer 
facilities  at  DMG's  seismological  offices  in  Sacramento  and 
at  USGS  offices  in  Menlo  Park.  This  system  will  be  continually 
processing  telemetered  signals  from  earthquakes  in  real 
time  and  calculating  the  size,  depth,  and  location  of  events  as 
they  occur.  The  system  also  monitors  creep,  water-well  levels 
and  deformation  of  the  earth's  surface  at  selected  sites  along  and 
near  the  fault. 


DMG's  on-line  computer  monitors  seismic  and  geophysical  data 
telemetered  from  Parkfield  to  Menlo  Park.  DMG  will  advise  OES 
of  any  anomalous  information.  PHOTO  BY  M.  REICHLE,  DMG 
STAFF. 


A  total  of  15  seismic  and  23  ground  strain  instruments  will  be 
added  to  the  existing  monitoring  network.  Other  efforts  in  the 
Parkfield  Earthquake  Experiment  include  acquiring  an  electronics 
technician  who  will  be  stationed  onsite  in  Parkfield  for  rapid 
maintenance,  leases  for  instrument  sites,  construction  of  an 
access  road,  and  air  photo  analysis  of  the  Parkfield  segment  of 
the  San  Andreas  fault.  In  addition,  radio  communication  between 
Parkfield  field  crews  and  USGS  staff  in  Menlo  Park  is  being 
enhanced  and  an  uninterruptable  backup  power  system  for  the 
Menlo  Park  monitoring  system  will  be  installed. 

All  equipment  is  scheduled  to  be  in  place  by  the  close  of 
fiscal  year  1986-87.  As  full  monitoring  begins.  USGS  will  take 
the  lead  scientific  responsibility  in  issuing  short-term  earthquake 
predictions  at  Parkfield.  Scientists  at  DMG  are  monitoring  the 
data  from  the  instrument  networks  in  order  to  pro\  ide  an)  real 
time  advice  that  may  be  needed  by  OES.  The  State  has  developed 
a  means  of  issuing  public  warning  messages  if  necessary. 


Instrument  cluster  for  Parkfield  Earthquake  Prediction  Experiment. 
Foreground:  digital  recording  seismograph  will  eventually  be 
linked  to  Menlo  Park.  PHOTO  BY  M.  REICHLE,  DMG  STAFF. 


The  DMG  is  also  working  with  Federal  and  State  entities  to 
develop  emergency  response  plans  that  would  be  activated  by 
prediction  of  a  damaging  earthquake.  Of  the  three  avenues  of 
response  —  communication,  education,  and  protection  —  the 
role  of  the  DMG  is  to  coordinate  the  communication  efforts 
between  USGS.  DMG,  and  OES.  The  DMG  will  provide  status 
reports  and  advice  to  OES  during  times  of  elevated  alert  levels 
and  will  advise  OES  on  possible  consequences  in  the  area  where 
the  earthquake  is  predicted. 

OES  is  responsible  for  preparing  emergency  response  plans 
from  information  provided  by  USGS  and  DMG  on  the  effects  of 
the  earthquake  magnitude  and  its  proximity  to  population 
centers,  essential  lifelines  and  critical  facilities.  These  plans 
include  disseminating  information  and  warnings,  accelerating 
normal  preparedness  and  mitigation  actions,  increasing  readiness 
to  respond,  implementing  emergency  protective/mitigation 
actions,  and  initiating  emergency  response  actions. 

During  1986-87,  the  initial  phases  of  the  Parkfield 
Earthquake  Prediction  Experiment,  the  instrument  and 
monitoring  augmentation  and  the  response  planning  phases. 
began.  Once  instrumentation  is  finalized  in  the  summer  of 


1987,  monitoring  of  the  complete  instrument  networks  will 
begin.  Short-term  prediction  strategies  and  alerts  will  be 
continually  evaluated  and  fine  tuned. 

Had  the  State  not  participated  in  the  Parkfield  Earthquake 
Experiment,  it  is  unlikely  that  USGS  would  have  adopted  the 
policy  of  attempting  to  make  a  real-time,  short-term  earthquake 
prediction  at  Parkfield.  With  the  funding  provided  by  AB  938, 
DMG  along  with  USGS  and  OES  have  enhanced  their  efforts 
to  prepare  and  protect  the  residents  of  California  should  an 
earthquake  occur,  as  well  as  to  lay  the  groundwork  for 
earthquake  prediction  efforts  elsewhere. 


SUGGESTED  READING: 

Bokun,  W.  H.  et.  al.,  1987,  Parkfield,  California,  Earthquake 
Prediction  Scenarios  and  Response  Plans,  U.S.  Geological 
Survey  Open  File  Report  87-192,  Menlo  Park,  CA. 

Bakun,  W.  H.  &  McEvilly,  T.V.,  1984,  Recurrence  Models  and 
Parkfield  California  Earthquakes,  Journal  of  Geography 
Resources,  5-10-84,  V.  89,  p.  3051-3058. 

Bakun,  W.  H.  &  Lindh,  A.  G.,  1985,  The  Parkfield,  California, 
Earthquake  Prediction  Experiment,  Science,  8-16-85,  V.  229, 
p.  619-624. 

Parkfield  Earthquake  Prediction  Experiment  Annual  Report,  1986, 
State  of  California,  Department  of  Conservation,  Division  of 
Mines  and  Geology. 


10 


OFFSHORE  GEOLOGIC  MAPPING 


The  US  Geological  Survey  research  vessel  S.P.  Lee.  In  the  summer  of  1986,  the  S.P.  Lee  was  the  mother  ship  of  the  Navy's  deep  submergence 
vehicle,  Sea  Cliff,  used  by  scientists  to  explore  the  Gorda  Ridge  region  off  Northern  California.  DMG  PHOTO  FILE. 


The  safety  and  well-being  of  Californians  depend  upon 
informed  decisions  affecting  land  use  and  structural  design.  In 
our  coastal  areas,  design  requirements  for  such  critical  facilities 
as  dams  and  nuclear  power  plants,  as  well  as  the  application  of 
building  code  standards,  are  based  in  large  part  upon  the 
potential  size  and  location  of  future  earthquakes.  Knowledge  of 
only  the  geology  onshore  provides  an  incomplete  basis  for 
understanding  the  earthquake  potential  of  coastal  areas,  since 
the  context  of  offshore  faulting  cannot  be  taken  into  account. 
Wise  development  decisions,  today,  require  a  knowledge  of  the 
offshore  geology. 

Most  of  what  geologists  know  about  the  marine  geology 
adjacent  to  the  US  shoreline  has  been  learned  in  the  last 
generation,  a  period  of  about  25  years.  The  rate  at  which  these 
new  insights  off  the  California  coast  have  been  developed  has 
accelerated  greatly  during  the  last  15  years  of  this  period.  This 
rapid  expansion  of  understanding  has  been  facilitated  by  applied 
and  basic  investigations  together  with  the  emergence  of  the 
concept  of  plate  tectonics,  Plate  tectonics  has  provided  a 
unifying  visualization  of  the  global  processes  which  have  given 
rise  to  the  faults  and  sedimentary  basins  that  characterize  the 
region. 

I)M(j  recognized  the  need  for  up-to-date  compilations  of 
offshore  geology  to  be  used  as  companions  to  the  new 
generation  ol  onshore  geologic  maps  which  DMG  began  in 
I97X.  In  1979.  DMG  entered  into  an  informal  agreement  with 
USGS  to  pool  information  and  Staff  efforts  to  synthesize  the 
latest  information  and  understanding  in  a  series  of  colored  maps 
ol  the  same  scale  I  I  250.000.  or  one  inch  equals  approximately 


Basins  of  the  Southern  California  Borderland.  Maximum  depths  of 
these  basins  range  from  630  m  in  the  Santa  Barbara  Basin  to  over 
2,500  m  in  the  Velero  Basin.  Inner  basins  tend  to  have  flat  floors 
with  abundant  sediments  while  outer  basins  tend  to  have  irregular 
floors  in  which  bathymetry  reflects  tectonic  effects  rather  than 
depositional  effects. 


12 


four  miles)  as  their  onshore  counterparts.  DMG  has  taken  the  lead 
role  in  compiling  these  marine  geologic  maps.  In  addition  to 
staff  support  provided  by  the  USGS  and  DMG,  the  California 
Coastal  Commission  and  the  US  Minerals  Management  Service 
have  provided  funding  for  part  of  the  program. 

The  area  covered  by  the  offshore  map  series  of  the  California 
Continental  Margin  is  comprised  of  seven  segments.  The  three 
areas  in  the  southern  tier  include  localities  immediately  adjacent 
to  San  Diego  and  Los  Angeles  and  extending  westward  up  to 
some  300  miles.  To  the  north,  the  four  remaining  segments 
cover  the  offshore  areas  out  to  an  average  of  80  miles  between 
Pt.  Conception  and  the  Oregon  border. 

The  information  presented  in  the  maps  has  come  from  a 
variety  of  sources.  The  topography  of  the  sea  floor  and  the 
configuration  of  the  sedimentary  strata  beneath  are  derived 
from  records  of  seismic  reflections  induced  by  airguns  and  other 
ship-towed,  sonic  source  survey  devices.  Stratigraphic  rock  units 
which  are  defined  from  offshore  well  logs  can  often  be 
correlated  with  the  reflection  records.  The  strata  defined  by  this 
method  are  called  acoustic  stratigraphic  units  and  can  often  be 
mapped  between  survey  lines  to  produce  a  three-dimensional 
picture  of  the  geology.  The  construction  of  the  offshore  geologic 
maps  must  be  done  by  experienced  marine  geologists  who  have 
specialized  in  this  type  of  analysis. 

The  delineation  of  the  subsurface  strata  beneath  the  seafloor 
shows  that  the  sediments  have  been  deformed  by  folding  and 
faulting.  These  structural  features  have  been  important  in 
controlling  the  accumulation  of  oil  and  natural  gas  which 
developed  from  organic  matter  originally  incorporated  in  the 
sediments  as  they  were  deposited.  Knowledge  of  the  stratigraphy 
and  structure  is  not  only  essential  to  exploration  for  oil  and  gas 
deposits,  but  is  also  vital  to  planning  the  successful  extraction  of 
these  resources  in  an  environmentally  safe  fashion. 

The  need  to  have  such  information  in  order  to  plan  and 
conduct  oil  and  gas  lease  sales  led  the  US  Department  of  the 
Interior  to  acquire  reflection  data  prior  to  each  of  its  sales.  This 
information  has  been  available  to  the  public  only  in  summary 
form  in  some  of  the  Environmental  Impact  Statements  for  the 
individual  sale  parcels.  The  agreement  between  the  DMG  and 
the  USGS  facilitated  a  joint  effort  by  both  institutions  to 
compile  this  survey  data  along  with  other  sources  of  offshore 
information  in  order  to  produce  a  standardized  set  of  maps 
which  present  the  offshore  geology  along  the  margin  of  the 
entire  State. 

The  first  of  a  series  of  maps  depicting  area  2  was  published 
early  in  1987  (see  illustration).  Four  sheets  containing  different 
types  of  information  characterize  area  2.  These  sheets  include: 
geology;  geophysics  (contour  maps  of  the  local  intensities  of  the 
earth's  gravity  and  magnetic  fields);  locations  of  earthquake 
epicenters  together  with  notations  on  the  geometry  of  first 
motions  of  selected  events;  and  the  "source  map"  showing  the 
locations  of  track  lines  of  the  reflection  surveys,  wells,  and 
other  data  sets  used  by  the  authors. 

The  geologic  map  was  developed  by  marine  geologists  using 
all  of  the  support  information  which  is  presented  on  the  other 
three  maps  together  with  the  seismic  reflection  profiles  and  the 
well  logs.  Publication  of  these  three  support  maps  permits 
other  geologists  to  review  portions  of  the  authors'  geologic 
interpretations  and  to  draw  some  of  their  own  conclusions. 
Similar  sets  of  maps  for  all  of  the  six  remaining  areas  are  in 
various  stages  of  publication  and  will  be  released  in  fiscal  year 
1987-88. 

Not  only  is  the  interpretation  of  complex  subsurface  geology 
such  as  that  underlying  the  California  Continental  Margin 


Sacramento 


Index  to  California  Continental  Margin  Geologic  Map  Series. 
Numbers  in  lower  left  hand  corners  of  boxes  refer  to  bathymetric 
base  sheet  used  in  the  compilation. 


difficult,  but  it  is  also  challenging  to  portray  these  three- 
dimensional  conclusions  in  the  two  dimensions  of  a  geologic 
map.  Onshore  surface  geologic  maps,  for  instance,  have 
relatively  simple  symbologies  which  distinquish  reverse,  thrust 
and  strike  slip  faults  and  use  dashed  lines  to  differentiate 
inferred  structures  from  directly  observed  faults. 

Working  with  reflection  profiles,  marine  geologists  have  three 
dimensional  data  which  may  show  evidence  of  faults  of  several 
ages.  For  example,  faults  with  very  recent  movement  may  offset 
the  modern  sea  floor.  Other  faults  may  only  extend  portions  o\ 
the  way  up  the  stratigraphic  column  and  may  he  overlain  bj 
unfaulted  sediments  which  are  younger  than  the  latest 
displacements  which  have  taken  place  on  the  faults. 

The  offshore  geology  of  California  displays  faults  of  differing 
ages  which  are  truncated  and  overlain  by  undisturbed  sediments 
ranging  from  mid-Tertiary  to  Holoccne  age.  Since  the  diversities 
of  structural  relationships  that  were  encountered  in  this  study 
have  not  been  synthesized  into  an  existing  standardized 
symbology.  it  was  necessary  for  the  authors  of  the  offshore 
maps  to  devise  their  own 

The  authors  of  the  offshore  maps  have  prepared  DMG 
Bulletin  207  to  accompany  the  sheets.  This  pioneering 
publication  presents  symbologies  for  the  previous!)  described 
fault  conditions  as  well  as  examples  o\  seismic  reflection 
profiles  from  the  study  area  which  demonstrate  each  type 
of  relationship.  Bulletin  207  also  provides  symbologies  and 
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example  profiles  that  illustrate  types  of  erosional  channel 
fillings,  landslides,  gas  deposits,  and  erosional  terraces  which 
are  associated  with  the  offshore  geology  of  California.  Thirty 
three  representative  stratigraphic  sections  (see  inserts)  are 
illustrated  at  points  ranging  from  offshore  of  the  Eel  River 
south  to  the  Northeast  Bank  west  of  San  Diego. 

Taken  as  a  package,  the  offshore  maps  and  Bulletin  207 
provide  an  unprecedented  amount  of  published  subsurface 
geologic  information.  The  symbology  of  Bulletin  207  will 
undoubtedly  be  adopted  by  subsequent  authors  who  will  follow 
California's  lead  in  publishing  detailed  maps  of  the  offshore 
geology  adjacent  to  other  portions  of  the  nation. 
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FAULT:    solid  where  well  defined,  dashed  where  inferred, 
queried  where  uncertain.  Open  circles  astride  fault  symbol 
indicate  faults  do  not  have  sea-floor  expression  and  youngest 
strata  cut  are  late  Tertiary  and  Quaternary  (QTs)  in  age.  "D" 
designates  downthrown  block;  "U"  designates  upthrown  block. 
Where  faults  are  close  together,  they  are  sometimes  mapped  as 
a  FAULT  ZONE.  Note  that  fault  at  left  juxtaposes  late  Tertiary  and 
Quaternary  strata  with  an  exposed  bedrock  block  of  Miocene 
(Tm)  age.  Example  from  sparker  profile  across  San  Diego  shelf, 
Loma  Sea  Valley,  and  east  flank  of  Coronado  Bank,  inner  Southern 
California  continental  borderland.  FROM  DMG  BULLETIN  207. 


The  offshore  geology  displayed  in  areas  1 ,  2  and  3  comprises 
most  of  the  Southern  California  Continental  Borderlands,  which 
is  very  complex  and  is  among  the  most  thoroughly  investigated 
expanses  of  sea  floor  in  the  world.  The  maps  and  accompanying 
portions  of  Bulletin  207  provide  previously  unpublished 
interpretations  showing  new  details  and  complexities  regarding 
important  fault  zones,  including  the  Newport-Inglewood.  Rose 
Canyon,  Palos  Verdes,  Coronado  Bank,  and  the  San  Diego 
Trough  faults. 

Moreover,  many  as  yet  unnamed  faults  demonstrating  the 
youngest  movement  of  a  variety  of  ages   have  been  mapped 
for  the  first  time  as  part  of  this  project.  The  investigators  also 
present  new  stratigraphic  columns  for  Don  Miguel  Island, 
Santa  Cruz  Island,  the  northeast  coast  of  Santa  Cruz  Island,  the 
offshore  portion  of  the  Santa  Monica  basin,  the  northern  Santa 
Rosa-Cortez  ridge,  the  northern  Patton  ridge,  the  Santa  Cruz- 
Catalina  ridge,  the  San  Pedro  basin,  and  14  important  portions 
of  the  Southern  California  Continental  Borderlands  area. 

The  map  series  is  already  highly  acclaimed  and  the  profession 
is  eagerly  awaiting  the  release  of  the  balance  of  the  publication. 
The  series  will  contribute  to  future  investigation  of  the  basic 
tectonics  and  geologic  history  off  the  California  coast.  From  an 
applied  science  point  of  view,  the  new  insights  will  be  valuable 
in  future  exploration  for  oil  and  gas  and  designing  for  hazards 
resistance  for  offshore  platforms  and  pipelines. 

The  availability  of  this  information  in  a  publication  affords 
coastal  communities  and  other  entities  with  the  opportunity,  for 
the  first  time,  to  hire  specialists  to  independently  examine  the 
geohazard  conclusions  presented  for  offshore  projects  in 
Environmental  Impact  Statements  and  Reports.  Previously ,- 
it  was  not  practical  for  them  to  engage  consultants  for  such 
purposes  because  the  basic  scientific  information  was  strewn 
through  a  voluminous  "gray"  literature  comprised  of  difficult  to 
acquire  reports.  No  one  had  synthesized  the  latest  information 
or  endeavored  to  develop  unifying  regional  interpretations  as  the 
authors  of  this  new  map  series  have. 

Similarly,  this  new  publication  will  be  indispensable  in 
evaluating  safe  construction  design  requirements  for  liquified 
natural  gas  facilities,  dams,  nuclear  and  fossil  fuel  power  plants, 
port  facilities,  and  housing  and  commercial  projects.  This 
publication  affords  a  cost-effective  means  of  improving  future 
decision-making  for  the  residents  of  our  coastal  areas. 


SUGGESTED  READING: 

Anderson,  R.  N.,  1 986,  Marine  Geology  —  A  Planet  Earth 
Perspective,  John  Wiley  and  Sons,  p.  223-236. 

Cox,  A.  and  Hart,  R.  B.,  1986,  Plate  Tectonics  —  How  it  Works, 
Blackwell  Scientific  Publications,  392  p. 

Glossary  of  Geology,  1980,  Second  Edition,  American  Geological 
Institute,  749  p. 

Howell,  D.  G,  and  Vedder,  J.  G.,  1981,  Structural  implications  of 
Stratigraphic  Discontinuities  across  the  Southern  California 
Borderland,  Ernst,  W.  G,  editor.  The  Geotectonic  Development 
of  California,  V.  1,  Prentice  Hall  Inc.,  p.  535-558. 

California  Geology,  1987,  DMG  Releases,  Description  of  Mid 
Southern  California  Margin  and  DMG  Bulletin  207,  Geology  of 
the  California  Continental  Margin,  V.  8,  p.  190. 

Vedder,  J.  G.,  Green,  H.  G.,  Clark,  S.  H.,  and  Kennedy,  M.  P.,  Mid 
Southern  Continental  Margin,  Area  2  of  7,  Division  of  Mines 
and  Geology,  California  Continental  Margin  Geologic  Map 
Series,  No.  2A,  2B,  2C  and  2D. 
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HAYWARD  FAULT  SCENARIO 


California's  policymakers  have  long  been  aware  that  one  of 
the  State's  most  potentially  devastating  natural  disasters  is 
destructive  shaking  and  ground  breakage  caused  by  earthquakes. 
During  the  past  130  years,  California  has  been  struck  by  at  least 
five  major  earthquakes  of  nearly  magnitude  (M)  7  or  greater: 
1857  Ft.  Tejon  (M  8),  the  1868  Hayward  (M  7).  the  1872  Owens 
Valley  (M  8),  the  1906  San  Francsico  (M  8),  and  the  1952  Kern 
County  (M  7)  earthquakes.  Most  of  these  events  occurred  when 
California  was  sparsely  populated.  More  recently,  moderate- 
sized  events,  including  the  1971  San  Fernando,  the  1978  Santa 
Barbara,  the  1979  Imperial  Valley  and  the  1983  Coalinga 
earthquakes,  caused  heavy  damage. 


Earthquakes 
of  Greater  than  M6  since  1965 


Date 

Approximate 
Location 

(M 

1 

09-66 

Truckee 

6 

2 

04-68 

Coyote  Creek 

6.4 

3 

02-71 

San  Fernando 

6.4 

4 

10-79 

Imperial  Valley 

6.4 

5 

05-80 

Mammoth  Lakes 

6.3 

6 

05-80 

Mammoth  Lakes 

6.4 

7 

05-80 

Mammoth  Lakes 

6.3 

8 

11-80 

Eureka 

6.9 

9 

05-83 

Coalinga 

6.4 

10 

04-84 

Morgan  Hill 

6.2 

11 

07-86 

Chalfant  Valley 

6.1 

12 

10-87 

East  Los  Angeles 

6.1 
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Several  major  freeway  arteries  were  destroyed  by  the  1971  San  Fernando  earthquake. 


DMG  PHOTO  FILE. 


Since  1900,  more  than  500  damaging  earthquakes  have 
shaken  California  or  its  borders.  These  earthquakes  were 
responsible  for  the  deaths  of  thousands  of  people  and  over 
$2  billion  in  property  damage.  Given  the  seismic  history  and 
ongoing  fault  movement  in  the  State,  scientists  agree  that  during 
the  next  50  years,  California  can  expect  at  least  one  earthquake 
greater  than  M8  and  several  smaller  destructive  earthquakes.  If 
these  events  were  to  occur  in  a  highly  urbanized  area  during 
work  hours,  emergency  planners  have  estimated  that  in  a  single 
high-rise  structure,  over  1 ,000  people  could  die  and  relatively 
few  could  escape  without  injuries. 


Recognizing  the  potential  destruction  from  a  major 
earthquake  in  California,  the  Governor  formed  the  Emergency 
Task  Force  on  Earthquake  Preparedness  in  1981.  Within  a 
year,  DMG  began  preparing  earthquake  planning  scenarios 
which  pose  the  probable  effects  of  major  earthquakes  in  known 
fault  zones.  These  reports  are  used  by  emergency  planners  at  the 
State  and  local  levels  to  improve  emergency  response  strategies. 

In  preparing  an  earthquake  scenario,  DMG  geologists, 
seismologists  and  structural  engineers  look  at  seismological 
records  and  historical  accounts  of  earthquakes  in  a  given  area. 


Olive  View  Hospital  suffered  extensive 
damage  after  1971  San  Fernando 
earthquake.  DMG  PHOTO  FILE. 
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The  scientists  then  determine  the  magnitude  of  the  largest 
earthquake  that  is  likely  to  occur  on  a  prominent  fault,  which 
is  at  least  similar  in  size  to  the  largest  historical  earthquake  in 
the  same  region.  The  duration  of  ground  shaking  of  the  main 
earthquake  is  estimated  along  with  the  possible  aftershocks  and 
extent  of  surface  rupture,  fault  displacement  and  landslide 
possibilities.  Critical  facilities  such  as  hospitals,  public  schools, 
freeways,  airports,  railroads,  and  ports  are  identified  and 
possible  damage  described. 

Damage  to  communication,  electrical  power,  water,  sewage, 
natural  gas  and  petroleum  lifelines  is  also  discussed  along  with 
alternative  supply  sources  and  other  planning  considerations 
unique  to  the  area.  Earthquake  scenario  reports  do  not  predict 
the  likelihood  of  the  scenario  earthquake.  However,  the 
probability  of  an  event  in  the  study  area  is  considered  likely 
enough  to  merit  emergency  planning.  The  scenario  earthquake 
represents  the  worst  case  situation  so  that  adequate  emergency 
planning  can  be  done  at  a  state,  regional,  and  local  level. 

The  first  two  scenarios,  published  in  1982  by  DMG  as 
Special  Publications  60  and  61 ,  described  the  probable  effects  of 
M8.3  earthquakes  on  southern  and  northern  segments  of  the 
San  Andreas  fault. 

The  southern  San  Andreas  earthquake  was  projected  to  be 
similar  to  the  Fort  Tejon  earthquake  of  1857.  This  scenario  is 


enabling  emergency  planners  in  the  Los  Angles  basin  to 
determine  such  emergency  response  measures  as  the  avenues  of 
supply  access  —  whether  by  ground  transportation,  rail  or  air  — 
and  how  law  enforcement  and  communication  would  be  handled 
in  the  critical  hours  following  the  event. 

The  northern  San  Andreas  earthquake  was  described  as 
similar  to  the  1906  San  Francisco  earthquake.  The  northern 
study  area  is  highly  urbanized  along  a  vulnerable  highway 
network.  As  a  result,  the  scenario  report  pointed  out  that 
emergency  plans  would  have  to  account  for  the  high  proportion 
of  bridges  and  freeways  that  would  be  severely  damaged  by  a 
scenario  event.  The  projected  loss  of  communication,  electrical 
power,  water,  sewage  and  other  lifelines  would  complicate 
emergency  response  efforts. 

In  fiscal  year  1986-87,  the  DMG  released  Special  Publication 
78,  the  third  earthquake  planning  scenario  for  the  State.  The 
Hayward  Earthquake  Planning  Scenario  is  based  on  an  earthquake 
larger  in  magnitude  than  the  1868  Hayward  earthquake  which 
caused  3  feet  of  offset  along  the  Hayward  fault  and  widespread 
damage  throughout  the  San  Francisco  Bay  area.  Until  the  1906 
San  Francisco  earthquake,  the  1868  Hayward  event  was  the 
largest  earthquake  in  Northern  California. 

The  scenario  describes  the  effects  of  a  M7.5  scenario 
event  on  the  Hayward  fault.  The  62-mile-long  Hayward  fault 


Supermarket  damage  following  April  1984  Morgan  Hill  earthquake. 


DMG  PHOTO  FILE. 
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Hayward  Earthquake  Planning  the  San  Andreas  fault  system. 
The  fault  runs  in  a  northwest- southeast  direction  from 
San  Pablo  Bay  to  east  of  San  Jose.  A  32-mile-wide  zone 
encompassing  the  Hayward  fault  is  defined  for  planning 
purposes.  This  study  area  includes  the  heavily  populated  cities 
of  Richmond,  Oakland,  Milpitas,  Berkeley,  east  San  Jose,  and 
San  Francisco.  Over  5,500,000  residents  live  within  this  nine 
county  area. 

For  emergency  planning  purposes,  the  report  describes  the 
damage  to  lifelines  and  critical  facilities  in  the  72  hours 
following  the  event.  DMG  scientists  concluded  that  the  scenario 
earthquake  would  produce  30  seconds  of  potentially  damaging 
shaking  in  an  area  within  20  miles  of  the  fault.  The  shaking 
damage  would  be  greatest  near  the  bay  margins,  which  would 
affect  airports,  harbors,  highways,  bridges  and  refineries. 
Frequent  aftershocks  would  continue  during  the  weeks  following 
the  main  shock  and  could  reach  M6  or  larger. 

Along  with  extensive  structural  failure  due  to  shaking,  there 
would  be  widespread  damage  from  fault  rupture.  The  average 
5  feet  of  offset  along  the  length  of  the  fault  would  damage  the 
many  highways  and  tunnels  that  cross  the  fault.  In  addition, 
most  of  the  major  lifelines  that  service  the  entire  bay  area  cross 
the  fault.  Pipelines  carrying  water,  natural  gas,  and  petroleum 
products  would  be  severed.  Communication  and  power  lines 
would  be  damaged.  These  broken  lifelines  would  pose  an 
additional  risk  from  fires  and  unsanitary  conditions.  The  Federal 
Emergency  Management  Agency  has  estimated  that  damage  and 
loss  of  lives  from  either  a  northern  San  Andreas  or  a  Hayward 
earthquake  would  surpass  that  of  any  natural  disaster  thus  far 
experienced  by  the  nation. 


Major  active  faults  in  the  San  Francisco  Bay  area. 


Damage  to  mobile  home  following  Morgan  Hill  earthquake. 


PHOTO  BY  K.  STEINBRUGGE,  CONSULTANT. 
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Since  the  April  16,  1987  release  of  the  report,  the  California 
Office  of  Emergency  Services  (OES)  has  begun  to  use  the 
Hayward  Scenario  in  its  overview  of  local  and  state  emergency 
response  planning.  Richard  Eisner,  Director  for  the  Bay  Area 
Regional  Earthquake  Preparedness  project  (BAREPP),  an  OES 
related  program,  pointed  out  that  "...  the  entire  Bay  Region  is 
intimately  interconnected.  An  earthquake's  epicenter  is  virtually 
irrelevant  since  a  damaging  earthquake  in  almost  any  part  of  the 
region  can  upset  this  interdependent  balance.  The  DMG's  report 
gives  emergency  planners,  elected  officials,  and  agency  heads 
vital  information  for  adapting  or  developing  plans  for  coping 
with  an  event  on  the  Hayward  fault,  and  underscores  the  need 
to  begin  now." 

In  addition  to  being  used  as  a  planning  document  by  disaster 
preparedness  personnel,  the  Hayward  fault  scenario  is  also  of 
interest  to  elected  officials  who  are  responsible  for  initiating 
earthquake  preparedness  legislation.  The  report  is  a  valuable 
source  of  information  for  private  sector  managers  and  planners 
who  must  understand  the  earthquake  hazard  in  order  to 
prepare  for  it,  as  well  as  for  educators,  journalists  and  other 
public  opinion  makers  who  must  appreciate  the  threat 
and  communicate  its  character  in  order  to  motivate  citizen 
commitment  to  preparedness.  The  residents  of  the  scenario 
planning  area  can  also  benefit  from  the  report  by  gaining  a 
better  understanding  of  local  planning  efforts.  It  is  also  expected 
to  encourage  them  to  develop  personal  strategies  for  themselves 
and  their  families  in  order  to  minimize  the  effects  of 
earthquakes  on  their  lives. 

The  devastation  that  occurred  in  the  great  1906  San  Francisco 
earthquake  is  every  bit  as  possible  today,  should  a  major 
earthquake  occur  in  the  densely  populated  east  San  Francisco 
Bay  area  on  the  Hayward  fault.  Given  the  location  of  urban 
concentrations,  lifelines  and  critical  facilities  in  relation  to 
the  fault,  it  is  highly  likely  that  many  lives  and  much  property 
will  be  lost. 

Natural  disasters  such  as  earthquakes  and  volcanos  cannot  be 
prevented  but  residents  of  areas  where  these  events  occur  can  be 
prepared.  The  Hayward  Earthquake  Planning  Scenario  is  but  one 
effort  by  the  Department  of  Conservation's  DMG  to  lessen  that 
loss. 


Library  in  Morgan  Hill  after  earthquake. 


DMG  PHOTO  FILE. 
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MINERAL  RESOURCES 


California  is  the  nation's  largest  producer  of  non-fuel  mineral  resources,  having  posted  over 
$2  billion  in  1985  and  1986.  This  contribution  to  the  State's  economy  is  even  more  significant  than 
this  figure  suggests  since  the  value  does  not  include  the  added  value  of  mineral  materials  used  in 
fabrication  and  manufacture.  Moreover,  mineral  commodities  such  as  sand,  gravel,  crushed 
stone,  and  portland  cement  are  indispensible  to  the  future  of  California,  since  they  are  the 
ingredients  of  concrete,  a  truly  ubiquitous  building  material. 

For  the  benefit  of  mineral  extraction  to  be  complete,  the  usefulness  of  the  lands  from  which 
the  minerals  have  been  excavated  must  be  maintained  by  reclamation.  The  Surface  Mining  and 
Reclamation  Act  of  1975  (SMARA)  provides  a  process  by  which  local  governments,  which  are 
the  land  use  regulators,  must  take  notice  of  DMG  inventories  of  mineral  resources  in  their 
planning  and  permitting  decisions.  The  DMG  inventories  are  known  as  Mineral  Resource 
Land  Classifications.  Before  a  mining  operation  can  begin,  it  is  also  mandatory  that  the  local 
governments  approve  a  reclamation  plan  which  will  restore  the  land  to  a  desirable  post- 
extraction  secondary  use.  DMG  has  the  responsibility,  under  SMARA,  to  provide  technical 
reclamation  information  to  local  governments  and  to  the  industry  to  assure  the  best  reclamation 
efforts  possible. 

Both  classification  and  reclamation  are  carried  out  under  the  policy  guidance  of  the  State 
Mining  and  Geology  Board.  In  this  year's  annual  report,  we  present  a  description  of  DMG's 
Mineral  Land  Classification  Program  in  non-urban  areas  and  the  activities  of  the  Mined  Land 
Reclamation  Program. 


Mined  land  reclamation  activities  at  CalMat  sand  and  gravel 
operation  in  Ventura  County.  PHOTO  BY  J.  POMPY,  DMG  STAFF. 
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MINERAL  LAND  CLASSIFICATION 


Sierra  Foothills 

and  California  Desert 

Conservation  Area 


US  Borax  at  Kramer  Pitt  in  San  Bernardino  County. 


PHOTO  BY  J.  RAPP,  DMG  STAFF. 


Along  with  being  known  as  a  geologically  active  state. 
California  enjoys  the  reputation  of  being  one  of  the  most  highly 
mineralized  areas  of  the  nation.  During  1986  California  led  the 
nation  in  the  production  of  non-fuel  minerals  valued  at  over  $2.3 
billion.  This  production  excludes  mineral  fuels,  such  as  natural 
gas.  coal  and  petroleum  and  includes  industrial  minerals,  gem 
stones  and  metals.  In  contrast  to  California's  early  mining 
history,  all  that  glitters  today  is  not  gold.  The  status  comes  as  a 
result  of  expanded  exploration  and  improved  extraction  methods 
for  a  diverse  group  of  mineral  commodities 

Clearly  at  the  forefront  of  California's  mineral  production 
figures  are  the  industrial  minerals.  Simply  stated,  an  industrial 
mineral  is  any  rock,  mineral  or  other  naturally  occurring 
substance  of  economic  value,  exclusive  of  metallic  ores  such  as 
copper,  gold  or  silver,  mineral  fuels,  and  precious  gem  stones. 
There  are  about  70  industrial  minerals,  some  easily  recognized, 
such  as  salt.  clay,  talc,  gypsum,  sand  and  gravel  and  limestone. 
Zeolites,  magnesium  and  sodium  carbonates,  mica,  diatomite 
and  borates  sound  more  esoteric  yet  are  widely  used  in 
manufacturing,  agriculture  and  construction  industries. 


Talc,  for  example,  is  a  major  component  of  dusting  powder 
and  is  also  found  in  lipstick,  ceramics,  crayons,  paper,  paint, 
rubber  and  textiles.  Gypsum  is  part  of  the  icing  on  cakes  and 
limestone  and  fluorite  are  in  toothpaste.  The  barium 
"milkshake"  given  before  certain  x-rays  is  100  percent  barite. 
Kitty  litter  is  a  combination  of  clay,  diatomite  or  zeolites. 

In  many  ways,  industrial  minerals  contribute  to  the  quality 
of  life  we  enjoy.  The  variety  and  abundance  of  fresh  fruits  and 
vegetables  are  due  in  large  measure  to  the  phosphate,  potash, 
gypsum,  limestone,  vermiculite,  perlite,  and  zeolites  used  in 
fertilizers  and  soil  conditioners.  An  industrial  mineral 
derivative,  chlorine,  is  used  in  swimming  pools  and  also  in 
polyvinylchloride  products,  such  as  beach  chairs,  rafts,  and 
sprinkler  pipes.  It  is  used  in  processing  other  industrial  minerals 
such  as  rutile  and  ilmenite  into  titanium  tetrachloride  which  is 
then  processed  into  white  pigment  for  paint,  paper  and  plastics. 

An  obvious  use  of  salt  is  in  seasoning  food  but  industrial 
grade  salt  is  also  used  in  manufacturing  soap,  dyes,  leather,  and 
textiles.  Salt  is  used  by  highway  crews  for  controlling  dust  and 
ice  and  by  the  food  industry  in  refrigeration,  meat  packing,  fish 
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NONFUEL  MINERAL  PRODUCTION  IN  CALIFORNIA1 


1984 


1985 


Mineral 


Quantity 


Value 
(thousands} 


Quantity 


Boron  minerals thousand  short  tons  .  .  . 

Cement  (portland} do 

Clays2 do 

Gemstones 

Gold  (recoverable  content  of  ores,  etc.) troy  ounces  .  .  . 

Gypsum thousand  short  tons  .  .  . 

Lime do 

Pumice do 

Sand  and  gravel: 

Construction do 

Industrial do 

Silver  (recoverable  content  of  ores,  etc.) thousand  troy  ounces  .  .  . 

Stone: 

Crushed thousand  short  tons  .  .  . 

Dimension do 

Talc do 

Combined  value  of  asbestos,  calcium  chloride,  cement  (masonry),  clays  (fire  clay), 
copper,  diatomite,  feldspar,  iron  ore,  lead  (1984),  magnesium  compounds, 
molybdenum,  peat,  perlite,  potassium  salts,  rare-earth  metal  concentrates,  salt, 
sodium  carbonate,  sodium  sulfate,  tungsten  ore  and  concentrate,  wollastonite 
(1 984),  and  value  indicated  by  symbol  W 


1,367 

8,715 

2,100 

NA 

85,858 

1,382 

406 

80 

102,420 

2,281 

W 


$456,687 

520,026 

23,868 

500 

30,965 

12,443 

26,827 

1,600 

360,427 
39,176 

W 


38,600 
E22 

74 


XX 


58,000 

E2,990 

1,642 


R360,085 


1,269 

9,462 

2,203 

NA 

165,101 

1,332 

367 

78 

El  12,800 

2,255 

115 

41,199 

23 

100 


Total. 


XX 


"1,995,236 


XX 


Value 
(thousands) 


$404,775 

601,506 

26,600 

550 

52,446 

12,201 

24,733 

1,491 

E430,000 

37,434 

709 

174,395 
2,449 
2,493 


323,014 


2,094,796 


'Estimated.  "Revised.   NA  Not  available.  W  Withheld  to  avoid  disclosing  company  proprietary  data;  value  included  with  "Combined  value" 
figure.  XX  Not  applicable. 

Production  as  measured  by  mine  shipments,  sales,  or  marketable  production  (including  consumption  by  producers). 
2Excludes  fire  clay;  value  included  with  "Combined  value"  figure. 


1986 


Quantity 


658 

9,800 

2,158 

258 

NA 

440,479 

1,474 

305 

52 

133,500 

2,320 

W 

38,500 
23 
59 


Value 
(thousands) 


$430,777 

622,900 

24,609 

65,040 

W 

162,532 

11,500 

20,577 

1,307 

502,500 

42,600 

W 

159,300 
2,582 
1,394 


261,899 


2,309,517 


U.S.  Bureau  of  Mines 


curing,  and  processing  dairy  foods.  Over  45.000,000  tons  of  salt 
are  consumed  per  year  in  the  United  States  alone,  nearly  half 
of  which  is  used  in  the  chemical  industry  to  produce 
'chloralkalines.'  such  as  caustic  soda  and  soda  ash.  These 
minerals  are  widely  used  in  the  production  of  paper,  rayon,  glass, 
and  numerous  other  chemicals  and  products. 

While  industrial  minerals  do  not  have  the  glamour  of  gold  and 
other  precious  minerals,  these  commodities  account  for  more 
dollar  value  and  mined  tonnage  in  the  United  States  than  all 
of  the  metals.  In  general,  industrial  mineral  consumption 
is  strongly  correlated  with  population  trends  since  these 
commodities  are  used  extensively  in  the  manufacture  of 
consumer  goods  and  in  the  construction  of  highways  and 
residential  and  commercial  developments. 

A  growth  trend  is  evidenced  in  the  1984  to  1986  production 
figures  for  portland  cement  which  has  led  the  non-fuel  minerals 
production  records  for  these  years  with  shipments  for  1986 
valued  at  nearly  S623  million.  The  majority  of  California's 
portland  cement  plants  are  located  on  the  fringes  of  the  Mojave 
Desert  in  San  Bernardino  County.  These  plants  accounted  for 
nearly  10  million  short  tons  of  product  that  are  used  throughout 
the  State.  Portland  cement  is  used  extensively  by  California's 
construction  industry. 

Portland  cement's  partner  growth  commodity,  construction 
grade  sand  and  gravel,  shows  parallel  increases  over  the  same 
time  period.  In  1986,  aggregates  accounted  for  the  second 
highest  production  figure  at  well  over  $500  million.  Seven 
of  the  top  ten  sand  and  gravel  operators  in  the  nation  are  located 
in  the  state,  in  both  northern  and  southern  California  localities. 
DMG  scientists  have  estimated  that  each  person  in  California 


"consumes"  6.6  tons  of  aggregates  per  year,  based  on  population 
figures  and  production  records  over  the  past  25  years. 

Borates,  the  principal  source  of  boron,  are  another  of 
California's  important  industrial  minerals.  California  houses  the 
world's  largest  borate  mine  providing  the  only  source  of  this 
important  industrial  mineral  in  the  United  States,  and  is  the 
world's  largest  producer  of  boron  oxides.  During  1986.  the 
Kramer  pit  in  California's  Mojave  Desert  produced  over  650.000 
short  tons  of  borates  valued  in  excess  of  $430  million.  Boron 
compounds  are  used  extensively  in  glass  and  porcelain 
production  and  also  in  ceramics,  metallurgy,  antiseptics, 
detergents,  insecticides,  soil  conditioners  and  cosmetics.  More 
recently,  boron  is  being  used  in  the  manufacture  of  advanced 
composite  materials,  a  class  of  high  performance  fiber- 
reinforced  materials  used  in  place  of  metals  for  light  weight, 
high  strength  applications.  Graphite-boron-nitride  fibers  are 
used  in  aircraft  and  automobile  manufacturing  and  extensive!)  in 
recreational  equipment  such  as  golf  clubs,  tennis  racquets,  skis 
and  fishing  poles. 

California  also  leads  the  nation  in  the  production  of 
diatomite,  asbestos,  calcium  chloride,  sodium  sulfate,  and 
contributes  notable  amounts  of  magnesium  compounds  that  are 
derived  from  sea  water.  In  addition,  the  State  also  produces 
significant  amounts  of  clay,  gypsum,  feldspar,  perlite.  potash, 
and  pumice. 

Of  recent  interest  are  California's  deposits  of  rare  earth 
elements,  a  class  of  industrial  mineral  used  extensive!)  in  high- 
tech  industries  throughout  the  world.  Rare  earths  include 
lanthanum,  cerium,  yttrium,  and  15  other  elements  which  have 
specialty  uses  in  electronics,  petroleum  refining  and  other  high- 
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Exploratory  drilling  team  looking  for  gold  mineralization  in  the 
Mother  Lode  terrain.  PHOTO  BY  M.  HILL,  FORMER  DMG  STAFF. 
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Gypsum  deposits,  such  as  these  shown,  occurring  in  Riverside 
County's  Little  Maria  Mountains  will  be  subject  to  classification  by 
DMG  geologists  in  the  desert  areas  in  the  near  future.  PHOTO  BY 
J.  BURNETT,  DMG  STAFF 
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tech  fields.  Rare  earths  are  integral  components  in  the  new 
superconductor  technology. 

Superconductors  are  composed  of  boron,  rare  earth  elements, 
and  barium,  all  of  which  occur  in  California.  These  specially 
synthesized  compounds  have  relatively  little  resistivity  and  are 
of  great  value  where  it  is  desirable  to  transmit  high  voltage 
electrical  current  with  little  or  no  loss  of  energy.  Prior  to  the 
discovery  of  these  compounds,  superconductivity  could  only  be 
achieved  by  maintaining  equipment  under  ultra  cool  conditions 
approaching  -270  degrees  C.  close  to  absolute  zero,  which 
required  the  use  of  liquid  helium  held  under  extreme  pressure. 
Scientists  are  now  working  with  superconductors  at  temperatures 
of  -  70  degrees  C  and  anticipate  that  in  the  future  they  will  be 
used  in  room  temperature  situations. 

Superconductors  permit  the  construction  of  supermagnets, 
which  are  made  up  of  iron,  rare  earth  elements  and  boron. 
Supermagnets  are  used  where  very  strong  magnetic  fields  are 
required  from  a  relatively  small  magnet.  Both  superconductors 
and  supermagnets  contribute  greatly  to  advances  in  technology. 
Their  many  uses  are  likely  to  lead  to  major  technological 
breakthroughs  in  our  industrial  economy. 

The  common  industrial  minerals  such  as  limestone,  gypsum, 
crushed  rock,  and  sand  and  gravel  are  large-volume,  low  unit- 
cost  minerals  that  have  limited  geographic  markets  and  cannot 
be  transported  over  long  distances  without  uneconomical  add-on 
costs  to  the  consumer.  For  this  reason,  nearly  all  industrial 
minerals  are  termed  "freight  sensitive"  or  "freight  logical" 
because  transportation  costs  for  long  distances  may  exceed  the 
cost  of  the  commodity  at  the  point  of  origin.  With  some 
exceptions  industrial  minerals  are  produced  as  near  to  the  point 
of  use  as  possible,  although  large  quantities  of  borates, 
phosphate,  potash,  soda  ash,  sulfur  and  salt  are  transported  to 
other  locations  by  train  and  ship. 


While  statistics  on  consumption  arc  not  readily  available, 
given  the  point  of  origin  economics  of  industrial  minerals  and 
the  growth  rate  in  California,  it  is  sate  to  assume  that  California 
is  the  largest  consumer  of  industrial  minerals  in  the  United 
States  and  a  major  source  of  these  elements  world  wide. 

Although  industrial  minerals  account  for  a  large  percentage  of 
California's  non-fuel  mineral  production,  the  metals  category 
shows  significant  increases  in  the  last  three  years.  Spurred  by 
significant  price  increases  and  improved  recovery  methods  that 
have  reduced  operating  costs,  the  State's  1986  production 
figures  for  gold  exceeded  400,000  troy  ounces  valued  in  excess 
of  $160  million.  This  figure  jumped  significantly  from  the 
86,000  troy  ounces  produced  in  1984  and  moved  the  state  from 
third  to  second  in  the  nation  behind  Nevada.  Mines  and  gold 
recovery  sites  are  situated  mainly  in  the  Sierra  Nevada  foothills 
(Mother  Lode)  and  the  desert  regions  of  the  State  with  several 
new  mines  opened  and  many  re-opened.  In  addition  to  aesthetic 
uses,  gold  is  used  in  medicinal  compounds,  for  dental  crowns, 
and  is  used  in  the  electronics  industry  because  of  its 
conductivity  properties. 

California  leads  the  nation  in  tungsten  production  for  1986 
with  mines  in  both  northern  and  southern  parts  of  the  State. 
Tungsten,  a  lesser  known  metal,  is  used  in  the  manufacture  of 
temperature  and  abrasion  resistance  steels  that  are  used  in  the 
manufacture  of  drill  bits  and  other  tools. 

Recognizing  the  abundance  and  significance  of  the  State's 
mineral  resources,  California's  legislators  passed  the  Surface 
Mining  and  Reclamation  Act  (SMARA)  in  1975.  As  part  of  the 
law,  DMG  was  charged  with  mapping  and  classifying  land 
according  to  the  presence,  absence,  or  likely  occurrence  of 
significant  mineral  deposits  in  areas  of  the  state  subject  to  urban 
expansion  or  other  irreversible  land  uses  incompatible  with 
mining. 


View  looking  east  at  the  new  gold  mine  being  developed  by  Colosseum  California,  Inc.,  in  the  Clark  Mountains  of  eastern  San 
Bernardino  County.  Mineralization  appears  to  be  associated  with  breccia  pipes  developed  in  Paleozoic  carbonates.  Free  gold  is  in 
quartz  veins  with  barite  and  pyrite.  PHOTO  BY  J.  BURNETT,  DMG  STAFF. 
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The  Division's  SMARA  activities  are  focused  in  two  areas  — 
urban  and  non-urban.  Since  1978,  geologists  and  support  staff 
working  in  the  Urban  "City"  SMARA  program  have  identified 
mineral  resources,  mostly  aggregate  materials  (commercial 
grade  sand  and  gravel  and  rock  suitable  for  crushing),  in  nearly 
all  of  the  major  metropolitan  areas  of  the  State.  By  1989,  all 
metropolitan  areas  are  expected  to  be  classified  under  the 
SMARA  provisions. 

During  the  last  few  years,  other  significant  activities  have 
taken    place  in  the  non-urban  or  "country"  SMARA  program. 
In  preparing  non-urban  mineral  land  classification  reports, 
geologists  gather  all  available  geologic,  geophysical  and 
geochemical  reports,  maps,  mineral  production  data,  aerial 
photographs,  and  any  other  pertinent  technical  information 
relating  to  a  study  area.  Known  mines  and  prospects  are  visited 
to  gather  mineral  samples  for  chemical  analyses  and  to  observe 
the  rock  types  and  geologic  structures  present  so  that  geologists 
can  interpret  the  character  and  geologic  history  of  each  mineral 
occurrence.  A  search  is  made  for  both  direct  and  indirect 
evidence  of  previously  unrecognized  mineralization  and 
extensions  of  the  known  deposits. 

Corrections  are  made  to  existing  geologic  maps  where 
necessary.  This  information  is  subsequently  evaluated  in  the 
office  so  that  ore-forming  systems  can  be  interpreted  and 
site-specific  areas  can  be  scheduled  for  follow-up  geological, 
geophysical  and  geochemical  surveys. 


After  follow-ups  are  completed,  a  technical  report  is  prepared 
along  with  a  series  of  maps  showing  all  known  mineral  deposits 
and  the  classification  of  land  for  its  mineral  significance.  The 
document  is  reviewed  by  the  State  Mining  and  Geology  Board. 
Upon  approval  and  release  by  the  Board,  the  maps  are  used  by 
federal  land  managers  and  county  governments  as  part  of  the 
important  information  considered  in  their  land  use  decisions  that 
take  into  account  known  geologic  resources  as  well  as  aesthetic 
and  environmental  qualities. 

The  mineral  land  classification  report  for  each  study  area 
contains  valuable  information  on  the  geology,  the  ore  forming 
processes  and  the  mineral  resources.  They  show  mineral  land 
classification  boundaries  that  delineate  areas  within  which 
specific  resource  types  are  known  or  inferred  to  be  present.  The 
reports  emphasize  the  interplay  between  geologic  processes 
responsible  for  the  ore- forming  systems  that  are  present. 

Since  its  inception,  "country"  SMARA  activities  have  been 
focused  in  the  Sierra  Nevada  foothills  region  bordering  the 
Central  Valley  and  in  the  California  Desert  Conservation  Area,  ar 
area  established  for  the  administration  of  Federal  lands  in  the 
region  extending  from  east  of  the  Los  Angeles  metropolitan  area 
to  the  Nevada  and  Arizona  borders. 


Golden  Quail  Gold  Mine  located  in  the  south  end  of  the  New  York 
Mountains  in  San  Bernardino  County.  The  gold  occurs  in  vein 
quartz  and  altered  host  rock  in  association  with  pyrite  and  small 
amounts  of  chalcopyrite.  PHOTO  BY  J.  BURNETT,  DMG  STAFF. 
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Southeastward  view  of  Ryan,  Death  Valley,  shows  borax  beds  and  associated  volcanic  material. 

DMG  PHOTO  FILE. 

As  California's  Secretary  for  Resources,  Gordon  K.  Van  Vleck, 
pointed  out  in  his  testimony  before  the  U.S.  Senate  Energy  and 
Natural  Resources  Committee  in  July  1987,  the  California  desert 
is  an  important  economic  resource  for  the  State  and  the  nation. 
Sixty-five  different  mineral  commodities  are  found  in 
California's  desert  region,  twenty-four  of  which  are  considered 
strategic  and  three  critical  to  national  needs.  Ninety-seven 
percent  of  the  nation's  rare  earth  metals,  many  of  which  are 
essential  for  defense  and  scientific  and  high-technology 
industries,  come  from  California  deserts.  The  desert  is  also  the 
site  of  known  and  potentially  significant  geothermal  resources 
that  can  lessen  our  dependence  on  foreign  oil  supplies  and  an 
important  recreation  and  wildlife  area  that  benefits  the  entire 
State  and  specifically  15  million  Southern  California  residents 
who  use  the  area  regularly.  As  a  result,  the  California  desert 
plays  host  to  an  array  of  values  held  by  Californians  including 
ranching,  recreation,  tourism,  and  mining. 

During  fiscal  year  1986-87,  mineral  land  classification  reports 
were  published  for  over  2,500  square  miles  of  land  in  the  desert 
area  and  480  square  miles  of  land  in  the  foothills  region. 

The  East  Death  Valley  Report  describes  the  760  square  miles 
of  land  in  the  northern  Mojave  Desert  (Death  Valley  area)  which 
contains  significant  resources  of  borates,  zeolites,  hectorite  and 
bentonite,  and  minor  amounts  of  silver,  lead,  zinc  and  copper 
ores,  many  of  which  are  in  high  demand.  It  is  estimated  that 
there  will  be  an  increased  demand  for  silver,  boron,  zeolites, 
bentonite,  and  hectorite  in  the  near  future. 

The  Needles  Report  describes  the  950  square  miles  of  land  in 
the  eastern  Mojave  Desert  near  the  Colorado  River  and  the  town 
of  Needles  where  significant  resources  of  gold  and  the  industrial 
mineral  magnesite  are  known  to  occur  but  are  undeveloped. 
Exploration  and  development  of  these  deposits  could  help  the 


local  economy  by  providing  employment  opportunities  and  new 
industries. 

The  828  square  miles  of  land  in  the  eastern  Mojave  Desert 
near  Mountain  Pass  holds  significant  potentials  for  iron.  gold. 
talc  and  bentonite.  This  area  is  important  because  these  deposits 
could  contribute  to  the  State's  mineral  output  and  create 
employment  opportunities  locally.  Elsewhere  in  the  area  is  the 
potential  for  the  discovery  of  significant  rare  earth  elements  for 
which  there  is  an  increased  demand. 

The  mineral  land  classification  report  released  for  the  Sierra 
Nevada  foothills  region  includes  the  480  square  miles  of  area  in 
the  Camino-Mokelumne  Hill  quadrangles.  This  area  was  found 
to  contain  notable  resources  of  placer  and  lode  gold  along  with 
associated  deposits  of  silver,  copper,  lead  and  zinc.  Areas  were 
also  identified  which  contain  significant  reserves  of  limestone 
and  talc.  These  deposits  represent  significant  mineral  resources 
that  can  help  supply  California's  local  mineral  requirements  and 
at  the  same  time  aid  the  local  economy. 

Wherever  important  minerals  are  located,  there  are  land  use 
issues  that  must  be  resolved.  The  competition  for  land  has 
increased  dramatically  in  California  over  the  past  15  years  as 
a  result  of  the  growing  and  mobile  population.  At  times  this 
demand  has  prompted  land-use  decisions  that  preclude  the  t\  pe 
of  mining  operations  which  provide  the  very  resources  needed 
for  further  growth.  Local  agencies  and  boards  of  supervisors  arc 
aware  that  mining  activities  must  be  balanced  with  other  values 
such  as  wilderness  preservation.  For  the  mineral-  rich  desert 
region,  land  use  decisions  made  without  knowledge  of  the 
mineral  resource  base  could  make  these  resources  unavailable 
for  future  use.  The  mineral  land  classification  reports  are. 
therefore,  made  available  to  land  use  planners,  regulators. 
exploration ists,  and  the  public  so  that  better  decisions  can  be 
made  with  all  values  weighed. 
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View  of  the  Colosseum  Gold  Mine  in  northeast  San  Bernardino  County  near  Mountain  Pass.  PHOTO  BY  J.  POMPY,  DMG  STAFF. 


SUGGESTED  READING: 

OFR  85-10  SAC  Mineral  Land  Classification  of  the  Ash  Meadows, 
Big  Dune,  Eagle  Mountain,  Funeral  Peak,  Pahrump,  Ryan, 
Stewart  Valley  15  minute  Quadrangles  and  High  Peak  7Vi 
minute  Quadrangle,  Inyo  County,  California,  1986,  Taylor,  G., 
California  Department  of  Conservation,  Division  of  Mines  and 
Geology. 

OFR  85-15  LA  Mineral  Land  Classification  of  the  Northern  Portion 
of  the  Kingman  1  x2  degree  Quadrangle,  San  Bernardino 
County,  California,  1987,  Bezore,  S.  and  Joseph,  S.,  California 
Department  of  Conservation,  Division  of  Mines  and  Geology. 


OFR  85-18  SAC  Mineral  Land  Classification  of  the  Northeast 
Quarter  of  the  Needles  1x2  degree  Quadrangle,  San 
Bernardino  County,  California,  1985,  Kohler,  S.,  Loyd,  R.  and 
Burnett,  J.,  California  Department  of  Conservation,  Division  of 
Mines  and  Geology. 

OFR  87-2  SAC  Mineral  Land  Classification  of  the  Camino  and 
Mokelumne  Hill  15  minute  Quadrangles,  El  Dorado,  Amador 
and  Calaveras  counties,  California,  1987,  Loyd,  R.  and  Kohler, 
S.,  California  Department  of  Conservation,  Division  of  Mines 
and  Geology. 

State  Mining  and  Geology  Board  Annual  Report,  1986-87 
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MINED  LAND  RECLAMATION 


As  you  drive  through  the  affluent  Palos  Verdes  Peninsula  of 
southern  Los  Angeles  County,  it  is  difficult  to  imagine  that  the 
area  was  once  under  water  and  the  sea  floor  covered  with 
sediment  made  up  of  the  siliceous  remains  of  one-celled  algae. 
During  the  course  of  geologic  time,  the  peninsula  emerged  and 
the  algae  fossilized  to  become  rich  deposits  of  diatomite,  a 
white,  fine-grained  material  which  is  used  in  industrial  filters 
and  mild  abrasives.  It  is  also  difficult  to  imagine  that  this 
beautiful  area  once  housed  an  extensive  mining  operation  until 
1929  when  Los  Angeles  County  acquired  the  land  for  a  sanitary 
landfill.  In  the  next  30  years,  the  emplacement  of  over 
3,500.000  tons  of  refuse  restored  the  land  to  its  original 
contour.  Then  in  1959   interested  citizens  urged  the  Los  Angeles 
County  Board  of  Supervisors  to  approve  plans  for  an  arboretum 
on  the  site. 

Today,  the  lush  87  acre  South  Coast  Botanic  Garden  is  a 
continuing  project  in  environmental  improvement  with  special 
areas  devoted  to  natural  wildlife  habitat  and  low  maintenance 
gardening.  Staff  at  the  community  center  offer  ongoing  classes 
in  landscaping  and  horticulture  and  publish  a  newsletter  for  local 
residents  on  gardening  hints. 

In  Northern  California's  Santa  Clara  Valley,  a  concrete  and 
earth  filled  dam,  100-feet-wide.  4,265-feet-long  and  30-feet-high, 
was  built  in  1935  at  the  site  of  an  abandoned  sand  and  gravel 
quarry  near  Los  Gatos.  The  dam  created  a  58  acre  reservoir. 


Lake  Vasona,  with  410  acre-feet  of  water  storage  designed  as 
a  water  recharge  basin.  This  intended  use  was  never  very 
successful  because  the  underlying  material  is  impermeable. 
As  Santa  Clara  County  was  able  to  import  water  and  acquire 
adjacent  property.  Lake  Vasona  was  transformed  into  an 
intensely  used  recreation  site.  Today,  over  a  million  people 
each  year  enjoy  the  many  activities  at  Vasona  Park,  such  as 
picnicking,  bicycling,  jogging,  fishing,  rowing,  sailing,  and 
sightseeing  aboard  a  miniature  steam  railroad. 

These  are  examples  of  how  mined  land  can  be  put  to  good  use 
with  proper  planning  and  commitment.  In  our  country's  earlier 
history,  many  areas  were  mined  and  abandoned  leaving 
unsightly  pits  and  tailings  piles.  But  today,  the  idea  that 
extracting  the  mineral  resources  from  a  plot  of  land  can  result  in 
an  unproductive  derelict  landscape  is  fading  —  and  rightly  so. 
Recent  examples  of  creative  and  viable  second  uses  of  mined 
land  include  recreational  lakes,  farm  land,  botanical  gardens, 
golf  courses,  mobilehome  parks,  baseball  complexes,  and 
housing  developments.  As  in  the  case  of  Palos  Verdes  peninsula, 
the  secondary  use  of  the  pit  as  a  sanitary  land  fill  allowed  the 
area  to  be  landscaped  and  further  developed,  making  the 
gardens  a  third  level  and  highly  efficient  use  of  land. 

Some  examples  for  today's  reclamation  practices  come  from 
those  initiated  in  the  early  1930's  when  national  leaders 
recogni/ed  the  shortsightedness  of  strip  mining  practice 
throughout  the  United  States.  For  example,  the  Works  Projects 
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Administration  was  responsible  for  the  initial  reclamation  of  the 
sand  and  the  gravel  pits  at  Lake  Vasona.  Since  that  time, 
California's  population  has  continued  to  grow  and  the  demand 
for  mineral  resources  has  forced  the  mining  industry  and  local 
communities  to  juggle  conflicting  needs. 

When  the  population  increases,  so  does  the  need  for  mineral 
resource  products  such  as  sand  and  gravel  aggregates  to  build 
houses,  schools,  businesses,  and  highways.  In  correlating 
aggregate  production  records  and  population  figures  between 
1960  and  1984,  geologists  with  DMG  have  estimated  that  in 
California  alone,  about  7  tons  of  aggregate  products  are 
consumed  per  person  per  year.  At  the  same  time,  population 
growth  increases  the  demand  for  land  on  which  to  build  these 
facilities.  In  many  cases,  this  same  land  contains  significant 
deposits  of  sand  and  gravel  materials  needed  for  building. 
Because  the  cost  to  transport  sand  and  gravel  over  great 
distances  is  prohibitive,  it  is  important  to  mine  these  materials 
near  the  areas  where  they  will  be  used.  Yet  when  mining 
permits  are  being  considered  by  local  governments,  there  is  a 
concern  that  mineral  extraction  will  remove  the  land  from  any 
subsequent  use.  There  is  also  an  understandable  fear  that  mining 
could  produce  harmful  wastes  and  possibly  scar  the  landscape. 

In  1975,  amidst  growing  pressure  from  industry  and  local 
agencies  for  state  leadership  to  resolve  these  conflicts  in  some 
uniform  manner,  the  California  legislature  passed  the  Surface 
Mining  and  Reclamation  Act  (SMARA).  On  a  local  level,  lead 


agencies,  usually  city  or  county  governments,  must  adopt 
surface  mining  and  reclamation  ordinances  in  line  with 
SMARA  provisions.  The  ordinances  must  be  certified  by  the 
State  Mining  and  Geology  Board.  In  some  cases,  lead  agencies 
adopt  ordinances  that  contain  additional,  more  restrictive 
requirements  than  those  provided  by  SMARA  or  State  policy 
in  order  to  assure  effective  reclamation  within  their  particular 
jurisdictions. 

As  stipulated  by  SMARA,  no  person  can  conduct  surface 
mining  operations  unless  a  reclamation  plan  has  been  submitted 
to  and  approved  by  the  lead  agency.  The  lead  agencies  typically 
do  not  have  the  technical  expertise  to  review  or  recommend 
reclamation  practices.  Under  the  law,  they  can  refer  plans  to  the 
DMG  Mined  Land  Reclamation  Program  for  technical  review. 

California's  approach  to  reclamation  planning  is  to  include  the 
mining  operator,  local  government,  and  the  state  as  active 
participants  in  the  process.  This  stresses  a  cooperative  approach 
rather  than  an  adversarial  one.  Resources  and  knowledge  are 
combined  to  create  cost-effective  and  environmentally  sound 
reclamation  plans.  The  operator's  financial  interest  and 
investment  are  considered  as  well  as  community,  regional,  and 
statewide  interests  in  mineral  resources  conservation  and  land 
use  planning. 

The  goals  of  the  Mined  Land  Reclamation  Program  are  to 
provide  technical  assistance  to  lead  agencies  in  the  review  of 
reclamation  plans  and  to  promote  sound  mined  land  reclamation 


POPULATION  AND  AGGREGATE  PRODUCTION  RECORD 
OF  SACRAMENTO  —  FAIRFIELD  PRODUCTION  —  CONSUMPTION  REGION 
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Stockpiled  topsoil  and  subsurface  material  are  used  to  backfill  the  sand  and  gravel  pit  once  the  aggregate  is  removed.  PHOTO  BY  J.  POMPY, 
DMG  STAFF. 


practices  throughout  the  State.  Reclamation  staff  members 
include  Jim  Pompy,  the  mining  engineer  who  is  responsible  for 
program  management  and  technical  review;  Lynn  Jones,  the 
geologist  in  charge  of  SMARA  reclamation  plan  review,  onsite 
review  and  evaluation  of  slope  stability  and  erosion  control 
measures;  Larry  Lippert,  a  professional  forester,  and  Burgess 
Kay,  a  revegetation  consultant,  who  both  evaluate  and 
recommend  revegetation  measures;  and  Mel  Holland,  a 
hydrology  consultant  who  advises  on  matters  relating  to  surface 
and  ground  water  management. 

During  1986-87,  the  staff  reviewed  each  month  over 
20  reclamation  documents  including  reclamation  plans. 
Environmental  Impact  Reports  (EIRs)  submitted  under 
California  Environmental  Quality  Act  guidelines.  Notices  of 
Preparation  of  EIRs,  and  reclamation  information  presented  in 
use  permits  and  conditional  use  permits.  EIRs  are  required  in 
situations  where  the  lead  agency  determines  that  a  proposed 
mining  operation  could  have  an  adverse  environmental  impact. 
Once  a  reclamation  plan  and  an  EIR,  if  required,  are  approved, 
the  responsibility  then  lies  with  the  operator  to  follow  through 
with  reclamation  practices. 

The  CalMat  sand  and  gravel  operation  in  southern  Ventura 
County  near  Saticoy  is  one  example  of  simultaneous  mining  and 
reclamation  activities.  At  this  location,  the  proposed  pit  was 
near  the  intersection  of  two  major  streets.  Before  the  county 
would  approve  mining  at  this  site,  CalMat  was  required  to  build 
a  berm  around  the  property  and  to  plant  fast  growing  trees  and 
shrubs  in  order  to  screen  the  operation  from  public  view. 


Once  the  permit  was  approved,  phased  mining  activities 
began.  Topsoil  was  removed  and  stockpiled  nearby.  The  sand 
and  gravel  deposits  were  then  extracted  down  to  a  depth  of 
approximately  35  feet.  After  extraction,  the  pit  was  backfilled  to 
five  feet  above  anticipated  ground  water  levels  and  a  drainage 
system  installed.  The  topsoil  was  replaced  and  a  portion  of  the 
140  acre  parcel  was  leased  to  a  local  produce  farmer  for  growing 
strawberries.  The  grower  tilled,  lightly  fertilized  and  shaped  the 
ground  with  a  specially  formed  disc  he  designed  himself.  The 
field  was  fumigated  to  kill  soil  pests  and  outfitted  with  drip 
irrigation  lines.  The  rows  were  mulched  with  black  plastic  and 
planted.  Each  year,  strawberries  are  planted  in  October  and 
November  and  grow  steadily  until  picking  time  in  April  and 
May.  The  farmer  estimates  that  the  current  year's  harvest  will 
increase  by  50  percent  as  the  cropland  and  farming  operations 
become  more  efficient.  CalMat  suspended  reclamation  activities 
for  several  weeks  during  one  growing  period  when  dust  was 
affecting  fruit  quality. 

CalMat  is  also  mining  an  adjacent  site  for  sand  and  gravel 
aggregates.  This  240  acre  site  overlies  an  important  aquifer, 
which  is  an  underground  water-bearing  layer  of  sand  and  gravel, 
that  provides  water  for  municipal  and  agricultural  uses  nearby. 
Ventura  County  approved  the  reclamation  plan  for  agricultural 
use  with  the  condition  that  when  each  400  foot  wide  section  was 
reclaimed,  low  nitrogen  utilizing  crops  would  be  planted. 
Ventura  County  was  concerned  because  the  aquifer  had  been 
contaminated  with  low  levels  of  nitrates  from  surrounding 
agricultural  operations  in  the  past.  Since  nitrates  above  a  certain 
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Two  phases  of  reclamation  are  demonstrated  in  sections  of  land  near  CalMat's  sand  and  gravel  processing  plant  (background).    On  the  left, 
dump  trucks  backfill  the  pit  with  stockpiled  material.    On  the  right,  the  reclaimed  land  is  used  for  agriculture.  PHOTO  BY  J.  POMPY,  DMG  STAFF. 


concentration  can  be  toxic  to  humans,  the  County  was  very 
careful  not  to  allow  further  contamination  of  the  aquifer. 

The  DMG  Mined  Land  Reclamation  Program  staff  reviews 
similar  reclamation  plans  throughout  the  state  where  mining  oper- 
ations will  be  reclaimed  for  a  variety  of  end  uses  such  as  recreation, 
agriculture,  ground  water  recharge  and  residential  development. 
The  staff  also  answer's  hundreds  of  questions  each  month  over 
the  phone  and  conducts  workshops  to  provide  first-hand  technical 
advice  to  mining  operators  and  lead  agency  staff  involved  in 
the  permitting  process. 

During  1986-87,  workshops  were  held  in  Northern  and 
Southern  California  and  included  information  on  the 
reclamation  plan  process,  slope  stability  problems,  hydrology 
issues,  and  rcvegetation  practices.  Pleased  with  the  overwhelming 
response,  Pompy  noted,  "There  is  a  real  need  for  information. 
Operators  are  wanting  to  know  how  to  prepare  good  reclamation 
plans  and  we  try  to  be  as  helpful  as  we  can  but  wc  cannot  write 
the  plans  for  them;  that  is  the  responsibility  of  the  mine 
operator.  Also,  we  are  getting  many  questions  from  lead  agency 
representatives  who  are  looking  to  the  State  to  provide  bonding 
guidelines  or  to  recommend  alternative  methods  for  ensuring 
that  reclamation  plans  are  implemented  after  mining." 

Along  with  technical  review  and  person-to-person  assistance, 
Reclamation  Program  assistance  comes  in  the  form  of 
publications.  During  fiscal  year  86-87.  the  program  published 


the  first  in  a  series  of  technical  manuals  to  assist  operators  in 
designing  the  plans.  The  Revegetation  of  Mined  Lands  report  is 
currently  available  in  the  Division's  Open  File  System  (SAC  86- 
14)  to  be  released  as  a  special  report  in  the  next  fiscal  year.  Also 
the  Surface  and  Groundwater  Management  in  Surface  Mined 
Land,  or  Hydrology  Report,  was  approved  for  release  and  is 
scheduled  for  publication  in  1987-88  along  with  the  Reclamation 
Bibliography,  the  Reclamation  Glossary,  and  the  Landshaping 
reports.  These  manuals  provide  an  overview  of  information  on 
some  of  the  most  important  aspects  of  reclamation  with 
suggestions  that  each  operator  consult  with  engineers  and 
specialists  when  designing  a  quality  reclamation  plan.  DMG 
also  maintains  a  library  of  books  on  reclamation  practices  and 
procedures  for  public  use  at  the  Pleasant  Hill  and  Sacramento 
offices. 

As  the  SMARA  classification  and  designation  process 
continues  and  important  mineral  deposits  are  identified,  Pompy 
predicts  that  the  250  reclamation  plans  reviewed  each  year  will 
increase  significantly.  Pompy  reports.  "Lead  agencies  are 
becoming  increasingly  aware  of  our  services  and  are  using  the 
program  as  it  was  intended.  These  agencies  look  to  the  State  for 
leadership  in  carrying  out  the  goal  of  SMARA  to  keep  practical, 
aesthetic  and  long-term  land  use  values  in  mind  when  making 
mining  decisions  .  .  .  it's  the  responsible  use  of  all  our  natural 
resources." 
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Harry  Iwomoto,  a  produce  farmer  for  21  years,  likes 
the  reclaimed  mining  site  better  than  any  of  his  other 
sites  for  growing  strawberries.  PHOTO  BY  J.  POMPY, 
DMG  STAFF. 
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The  berm  was  restored  from  a  2  foot  lateral  to  1  foot 
vertical  slope  ratio  during  reclamation.  Eucalyptus  and 
conifer  trees  provide  a  visual  screen  and  windbreak. 
PHOTO  BY  DMG  STAFF. 
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INFORMATION  AND  PUBLICATIONS 


Since  its  inception,  the  Division  of  Mines  and  Geology  has  provided  basic  geologic  data  to 
interested  citizens,  whether  they  inquired  about  exploration  and  development  of  the  State's  mineral 
resources  or  the  many  geologic  processes  that  have  created  California's  unique  topography. 
Division  activities  now  include  providing  information  from  special  geohazards  investigations  such  as 
landslides  and  earthquakes.  This  information  is  critical  in  the  many  heavily  populated  regions  of  the 
State  where  important  land  use  decisions  are  made  daily. 


California  geologic  map  published  by  DMG  in  1891.  DMG 
PHOTO  FILE. 


35 


ACTIVITIES 


Since  1880,  scientists  with  DMG  and  its  predecessor  mining 
agencies  have  investigated  the  vast  resources  and  unique 
topography  of  this  fascinating  State.  From  the  beginning,  this 
information  was  published  in  the  Annual  Report  of  the  State 
Geologist,  along  with  other  special  reports,  bulletins,  and  maps 
used  by  scientists  and  engineers  in  making  many  important  land 
use  decisions. 

In  1948.  as  a  means  of  broadening  interest  in  California's 
diverse  geology,  the  Division  began  publishing  the  monthly 
magazine,  MINERAL  INFORMATION  SERVICE,  now  known  as 
CALIFORNIA  GEOLOGY.  In  its  first  decades,  the  magazine 
served  primarily  as  a  forum  for  the  exchange  of  geologic 
information  within  the  scientific  community.  In  recent  years, 
CALIFORNIA  GEOLOGY  includes  articles  that  appeal  to  a 
wider  readership  which  includes  lay  individuals  with  an  interest 
in  the  geologic  foundations  of  the  State's  resources  and  hazards 
and  how  these  elements  affect  their  lives.  As  the  magazine 
enters  its  forty-first  year  of  publication,  subscribers  number  over 
25.000,  with  readership  in  places  as  remote  as  Africa,  South 
America  and  the  Soviet  Union.  With  library  distribution  taken 
into  account,  it  is  estimated  that  CALIFORNIA  GEOLOGY  is 


read  by  over  70,000  individuals  and  is  possibly  the  most  widely 
read  magazine  of  its  type  in  the  United  States. 

While  in  the  past  century  the  State's  geology  has  remained 
unchanged,  the  technology  associated  with  mapping  and 
producing  the  many  Division  publications  has  changed 
dramatically.  Pages  once  typeset  line  by  line  are  now  generated 
by  using  computerized  laser  printers  driven  by  desk-top 
publishing  software.  Geologic  maps  once  lettered  and  colored  by 
hand  on  a  comparatively  small  scale  can  now  be  lettered  by 
machine  and  printed  in  full  color  on  a  scale  that  allows  for 
greater  comprehension.  These  many  innovations  stem  from  an 
increased  demand  for  greater  amounts  of  information  and  wider 
dissemination  of  printed  material  in  this  information  age. 

Since  1985,  the  Information  and  Publications  program  of  the 
Division  has  undergone  significant  changes.  The  acquisition  of 
word-processing  micro-computers  for  geologists  and  editors  has 
doubled  manuscript  production.  The  ability  to  transfer  digitized 
manuscript  files  from  one  computer  to  another,  coupled  with 
laserjet  printers,  has  allowed  the  DMG  to  generate  camera-ready 
text  masters.  This  in-house  capability  has  reduced  production 
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time  and  cost  by  approximately  50  percent.  It  is  also  estimated 
that  a  computerized  lettering  machine  purchased  in  1986  saved 
more  than  a  thousand  hours  of  hand  lettering. 

Sales  income  is  the  most  direct  indication  of  the  success  of 
distribution  activities.  Advertisements  and  promotional  exercises 
in  the  last  three  years  suggest  that  public  demand  for  DMG 
products  greatly  exceed  current  distribution.  In  fiscal  year 
1986-87.  the  DMG  sold  over  $262,000  worth  of  publications, 
an  increase  of  230  percent  over  a  three-year  period. 

As  the  demand  for  up-to-date  geologic  information  increases 
statewide,  the  Publications/Information  Program  will  be 
required  to  provide  drafting  and  publishing  services  even  more 
efficiently.  Desk-top  publishing  equipment  acquired  in  1986-87 
will  be  placed  into  service,  and  it  is  anticipated  that  many  future 
publications  will  be  suitable  for  this  type  of  production.  The 
photo  archive,  used  heavily  by  the  CALIFORNIA  GEOLOGY 
and  technical  publications  editing  staff,  is  nearing  completion. 
Other  DMG  outreach  activities  include  displays  at  numerous 
professional  conferences  throughout  the  State.  During  1986-87, 
the  Division  publications  were  displayed  at: 

American  Association  of  Engineering  Geologists  Annual 
Meeting  in  San  Francisco 

Seismological  Society  of  America  Annual  Meeting  in 
Santa  Barbara 

Delta  Environmental  Education  Resource  Fair  in  Sacramento 


.  .  .  the  Division  publishes 


GEOLOGIC  DATA  MAPS  (GDMl  —  GDM's  arc  small-scale 

(1:75(1.000)  statewide  maps  showing  regional  geology,  active  faults. 
epicenters,  geothermal  sues  and  other  geological  features.  The 
GDM's  are  large,  detailed,  geotechnical  wall  maps  The)  are  used 
extensively  for  geological  instruction  in  classrooms,  board  rooms, 
professional  offices  and  in  local  planning  agencies. 

REGIONAL  GEOLOGICAL  MAPS  (RGM)  —  The  ROM  series, 
which  includes  offshore  geological  map  sheets,  are  1:250.000  scale 
maps  that  show  regional  geology,  active  faults  and  other  geologic- 
features.  They  are  used  by  geologists  and  engineers  for  mineral 
resource,  petroleum,  geological  hazard  and  land-planning  projects 
The  RGM  series  is  the  principal  small-scale  geological  data  base  for 
the  State  of  California. 

MAPSHEETS  (MS)  and  SPECIAL  REPORTS  (SR)  —  MS  s  are  large- 
scale  ( 1 :62.500  and  1 :24.000)  geological  maps.  These  detailed  maps 
are  used  extensively  by  professional  geologists  for  mineral  resource 
and  geological  hazards  work.  These  maps  are  commonly  released 
with  explanatory  Special  Reports  and  Special  Publications 

EARTHQUAKE  SCENARIO  REPORTS  —  The  earthquake 
scenarios  cite  the  possible  effects  of  a  given  magnitude  earthquake 
along  a  known  fault.  Scenario  reports  are  used  by  the  Office  of 
Emergency  Services,  (OES).  theCalifornia  Highway  Patrol,  and  local 
emergency  response  and  law  enforcement  agencies  planning 
emergency  actions. 

SMARA  MAPS  —  The  DMG  Surface  Mining  and  Reclamation 
Program  prepares  large-scale  maps  showing  mineral  resource  data 
and  local  geology.  These  reports  and  maps  are  used  by  local  planners 
and  mining  companies  for  land-use  planning  and  exploration. 

OPEN-FILE  REPORTS  (OFR)  —  OFRs  generally  include  large-scale 
maps  ( 1 :24,000)  showing  geology  and  either  mineral  resource  or  geo- 
logic hazard  data.  These  reports  and  maps  are  prepared  by  the  DMG's 
Alquist-Priolo  Special  Studies  Zone  Program.  Landslide  Hazard 
Identification  Program,  Applied  Geophysics  Program,  and  the  Coun- 
try SMARA  Program.  OFR  reports  and  maps  vary  considerably  in 
scope  and  purpose.  They  are  used  by  the  public,  emergency  service 
agencies,  law  enforcement  organizations,  insurance  underwriters. 
real  estate  developers,  local  planners,  engineering  firms,  mining 
companies  and  researchers.  The  OFR  series  is  widely  used  by  most 
geologists,  planners  and  engineers  involved  in  geological  investiga- 
tions in  a  specific  area. 

GEOLOGICAL  INFORMATION  —  The  Division  distributes  a  series 
of  informational  notes  and  pamphlets  and  provides  direct  written  and 
verbal  information  to  client  groups  including  the  mineral  industry, 
petroleum  industry,  geological  engineering  consultants, 
seismologists,  insurance  underwriters,  realtors,  land  developers, 
environmental  protection  and  conservation  organizations,  public 
safety  and  response  agencies,  federal  scientific  and  land  management 
agencies,  state  agencies,  county  governments,  academia. 
agribusiness,  elementary  and  high  schools  and  the  public. 


DMG  geologist, Dale  Stickney  (left),  discusses  mapping  strategies 
with  Thomas  W.  Dibblee  (right),  eminent  field  geologist  and 
mapper.  PHOTO  BY  M.  FLANERY,  DMG  STAFF. 
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DMG  Publications  are  distributed  through  DMG  offices  in  Los 
Angeles,  Pleasant  Hill  and  Sacramento  and  can  be  ordered  through 
the  mail.  For  a  free  list  of  Available  Publications,  write  to 
Department  of  Conservation,  Division  of  Mines  and  Geology, 
P.O.  Box  2980,  Sacramento,  CA  95812. 


CALIFORNIA  GEOLOGY  magazine 

September  1984  CALIFORNIA  GEOLOGY  (Reprint) 

DMG  Notes 

GDM-l  California  Fault  Map  (Reprint) 

RGM  San  Bernardino  (5  plates) 
RGM  San  Bernardino  Pamphlet 
Atlas  Sheet  Santa  Ana  (Reprint) 

Offshore  Map  Group  I  (4  plates) 

SMARA  Designation  Report  85-1 

SMARA  Designation  Report  85-2 

SMARA  Designation  Report  85-3 

SP-33  Minerals  and  Rocks  (Reprint) 

SP-60  Earthquake  Planning  Scenario  for  a  M  8.3  Earthquake  on  the 
San  Andreas  Fault  in  southern  California 

SP-68  The  Morgan  Hill,  California  Earthquake 

SP-88  Farmlands  Annual  Report 

SP-89  Mineral  Commodity  Report  —  Silica 

SP-90  Mineral  Commodity  Report  —  Talc 

SP-91  Mineral  Commodity  Report —  Pumice 

SP-92  Index  1948-1986  CALIFORNIA  GEOLOGY  magazine 

SP-94  Minerals  for  Industry,  Northern  California  Volume  II,  Summary 
of  Geological  Survey  of  1955-1961 

SP-95  Minerals  for  Industry,  Volume  III,  Summary  of  Geological 
Survey  of  1955-61 

SR-114  A  Review  of  the  Geology  and  Earthquake  History  of  the 
Newport-lnglewood  Structural  Zone,  Southern  California 
(Reprint) 

SR-157  Mineral  Resource  Potential  of  the  Rockhouse  Basin 
Wilderness  Study  Area,  Kern  and  Tulare  Counties,  California 

SR-146,  Part  I,  Mineral  Land  Classification:  Aggregate  Materials  in 
the  San  Francisco  Bay  Area 

Bulletin  200  Geology  of  the  San  Diego  Metropolitan  Area,  California 
(Reprint) 

Bulletin  201  An  Explanatory  Text  to  Accompany  the  1 :750,000  Scale 
Fault  and  Geologic  Maps  of  California  (Reprint) 


Bulletin  205  Interpretation  of  the  Gravity  Map  of  California  and  its 
Continental  Margins 

Bulletin  206  Bodie  Mines  (Reprint) 

CR-4  Trinity  County,  Mines  and  Mineral  Resources  (Reprint) 

77th  Report  of  State  Geologist 

78th  Report  of  State  Geologist 

Parkfield  Earthquake  Experiment  Annual  Report 

Landslide  Program  Annual  Plan 

Williamson  Act  Task  Force,  Consensus  for  Action 

Mining  and  Geology  Board  Annual  Report 

Soils  Advisory  Report 

Index  of  Soil  Surveys  II 

OSMS  San  Salvador  Report 

Geologic  Time  Scale  Poster 

OFR  84-30  SAC  Mineral  Land  Classification  of  the  Lanfair  Valley, 
Homer  Mountain  and  Davis  Dam  15  Minute  Quadrangles,  San 
Bernardino  County 

OFR  85-8  LA  Mineral  Land  Classification  of  the  Mid  Hills  1 5  Minute 
Quadrangle,  San  Bernardino  County 

OFR  85-10  LA  Earthquake  Hazards  and  Tectonic  History  of  the  San 
Andreas  Fault  Zone,  Los  Angeles  County 

OFR  85-15  SAC  Mineral  Land  Classification  of  the  Northern  Part  of 
the  Kingman  1  degree  by  2  degree  sheet,  San  Bernardino  County 

OFR  85-1 8  LA  Mineral  Land  Classification  of  the  Northwest  Quarter 
of  the  Needles  1  degree  by  2  degree  sheet,  San  Bernardino 
County 

OFR  85-1 9  SAC  Geothermal  Systems  of  the  Mono  Basin,  Long  Valley 
Region,  Eastern  California  and  Western  Nevada 

OFR  86-3  SF  Summary  Report:  Fault  Evaluation  Program  1984-85 
Southern  Coast  Ranges  Region  and  other  Areas 

OFR  86-6  LA  Landslide  Hazards  in  the  West  Half  of  the  Newhall 
Quadrangle,  Los  Angeles  County 

OFR  86-7  SF  Landslide  Hazards  in  Parts  of  the  Diablo  and  Dublin 
7.5  Minute  Quadrangles,  Contra  Costa  County 

OFR  86-8  SF  Landslide  Hazards  in  the  Encinitas  Quadrangle,  San 
Diego  County 

OFR  86-9  LA  Landslide  Hazards  in  the  East  Half  of  the  Val  Verde 
Quadrangle,  Los  Angeles  County 

OFR  86-10  SAC  Mineral  Land  Classification  of  the  Ash  Meadows, 
Big  Dune,  Eagle  Mountain,  Funeral  Peak,  Ryan,  Pahrump  and 
Stewart  Valley  1 5  Minute  Quadrangles,  Inyo  County 

OFR  86-1 1  SAC  Detailed  Ground  Magnetic  Survey  of  the  Odd 
Fellows  Lawn  Cemetery,  Sacramento  County,  A  Case  Study 

OFR  86-14  SAC  Revegetation  of  Disturbed  Land  in  California:  An 
Element  of  Mined  Land  Reclamation 

OFR  86-19  LA  Mineral  Land  Classification  of  a  Portion  of  theSisquoc 
River,  Santa  Barbara  County 
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